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Production  capability  measurement  in  aircraft  maintenance  is 
difficult  and  presently  there  is  not  a  method  of  assessing  an  aircraft 
organization's  "portrait'  of  production  capability.  Many  performance 
measurement  indicators  exist  that  give  maintenance  managers  a  general 
assessment  of  organizational  performance  but  cannot  accurately  predict 
sortie  production  based  on  maintenance  system  capability. 

HQ  SAC  provided  twenty-  one  months  of  ex  post  facto  data  for  nine 
coranand  aircraft  systems.  The  data  included  twenty-three  maintenance 
constraint  independent  variables  and  three  production  output  dependent 
variG±)les.  The  production  output  measures  included  Mission  Capable 
Rate,  Total  Not  Mission  Capable  Supply  Rate,  and  Total  Not  Mission 
Capable  Maintenance  Rate.  Correlation  analysis  and  stepwise  regression 
were  used  to  build  three  regression  models  for  each  aircraft  type  to 
identify  maintenance  constraints  that  predict  production  capability. 
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^  This  research  analyzed  twenty-three  maintenance  constraint  and 
three  production  output  performance  measures  for  nine  SAC  aircraft 
systems.  SAS  System  for  Elementary  Statistical  Analysis  is  used  to 
analyze  twenty-one  months  of  ex  post  facto  maintenance  data. 

Correlation  analysis  is  used  to  identify  maintenance  constraints  that 
assist  in  explaining  aircraft  naintenance  production  capability. 

Forward  stepwise  regression  is  used  to  build  predictive  models  of 
maintenance  production  capability  for  each  of  the  nine  aircraft  systems. 
The  twenty-three  naintenance  constraint  measures  are  regressed  against 
three  productivity  output  measures:  Mission  Capable  Rate,  Total  Not 
Mission  Capeible  Supply  Rate  and  Total  Not  Mission  Capable  Maintenance 
Rate.  The  regression  models  and  validation  results  indicate  regression 


models  selection  of  maintenance  constraints  is  not  consistent  between 


aircraft  and  prediction  accuracy  is  erratic.  The  findings  indicate 
performance  measures  may  not  be  generalizable  across  all  aircraft  and 
key  perfornance  measures  for  one  aircraft  may  not  be  important  for 
another.  Production  capability  assessment  based  on  a  few  productivity 
meaisures  generalized  across  all  aircraft  types  may  lead  maintenance 
managers  to  formulate  wrong  conclusions  about  maintenance  perforn^nce 
and  capability.  The  validity  of  these  findings  is  limited  by  the 
relatively  small  number  of  observations  for  each  aircraft. 
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DETERMINING  PRODUCTICN  CAPABILITY 


IN  AIRCRAFT  MAINTENANCE:  A  REGRESSICN  ANALYSIS 


GenfiraL  Igsw 

Aircraft  nalntenance  is  an  expensive  business.  The  investment  of 

money,  manpower,  equipment,  spare  parts,  facilities  and  other  resources, 

make  it  the  single  largest  facet  of  logistics  in  the  Air  Force  (21:8-1). 

The  current  world  situation  will  not  help  the  future  management  of  this 

expensive  logistics  element.  The  House  Armed  Services  Committee 

Chairman  Les  Asp)en  (D-Wis  )  had  these  words  to  say  about  the  decline  of 

communism  in  eastern  block  countries  and  the  impact  on  defense  spending: 

We  have  entered  the  Gorbachev  era.  The  deficit  wil], 
continue  to  place  severe  constraints,  on  all  spending,  of 
course.  But  the  next  defense  budget  will  be  Gorbachev- 
driven  .  .  .  and  you  caun  bet  that  the  impact  [of  events  in 
the  Eeist]  will  not  generate  support  for  increasing  defense 
budgets.  (4:28) 

In  contrast,  the  Senate  Armed  Services  Committee  Chairmam  Sam  Nunn 
(D-Ga.)  attributed  need  for  defense  budget  cuts  to  fiscal  constraints 
driven  by  deficit  spending.  Senator  Nunn  had  the  following  to  say  about 
defense  spending: 

I  believe  [the  reductions  axel  fiscal  cuts  rather  than 
threat-related  cuts.  The  threat  has  certainly  gone  dovm  in 
Europe,  and  that  makes  the  backgrour>d  music  more 
acconmodating  and  soothing  to  the  body  politic  for  these 
cuts.  But  even  if  the  threat  had  not  gone  down,  if  the 
Administration  [were  to]  have  any  chance  whatsoever  of 
meeting  the  Graitm-Rudnen  target  next  year,  they  would  have 
had  to  make  cuts  of  this  nvagnitude.  (4:28) 
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Though  Eastern  Europe  appears  to  be  disarming  and  atterrpting  to  build 
friendly  relationships  with  the  West,  as  seen  in  the  reunification  of 
Germany,  the  Middle  East  has  threatened  the  peace  of  the  United  Staces. 
The  occupation  and  annexation  of  Kuwait  by  President  Saddam  Hussein  and 
Iraqi  military  forces  and  subsequent  war  with  the  United  States  and 
allied  powers  nay  have  a  civilizing  effect  on  the  radical  defense  cuts 
called  for  by  those  wanting  to  cash  in  on  the  "peace  dividend."  Gregory 
Copley  states: 

So  we  saw  the  complacency  of  the  world  power  blocs  -  NATO- 
aligned,  the  Warsaw  Pact -aligned,  and  the  Non-Aligned  - 
change  first  to  a  euphoria  as  the  era. of  glasnost, 
perestroyka  and  'global  peace'  emerged.  Now  we  have  seen 
Saddam  Hussein  shake  that  euphoria  and  ret\irn  many 
politicians  to  a  semblance  of  reality.  (3:26) 

Whether  or  not  the  war  for  Kuwait  in  the  Middle  East  quiets  the  call  for 

cashing  in  the  "peace  dividends"  at  the  expense  of  the  Department  of 

Defense  budgets  will  only  be  known  as  history  runs  its  course.  At  least 

for  rhe  near  future,  the  congressional  cuts  are  a  reality  the  defense 

manager  will  have  to  deal  with. 

It  makes  little  difference  whether  the  current  defense  budget  cuts 
are  driven  by  a  perceived  outbreak  of  "global  peace"  or  fiscal 
constraints  resulting  from  the  federal  deficit.  The  rational  for  the 
defense  spending  cuts  is  transparent  to  the  aircraft  maintenance 
manager.  Regardless  of  the  reasons,  mamtenance  managers  will  have  a 
tougher  road  ahead.  The  restricted  operating  budgets  resulting  from 
deep  congressional  spending  cuts  will  dramatically  change  the  way 
maintenance  managers  do  business.  For  the  aircraft  maintenance  manager, 
congressional  defense  spending  cuts  may  mecin  lower  manpower  levels, 
fewer  spare  parts  and  decreased  operating  budgets.  These  congressional 
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spending  cuts  coupled  with  an  increasing  need  in  the  growing  operatioi^s 
coimiunity  for  training  is  certain  to  tax  the  maintenance  manager's  skill 
and  wisdom  in  managing  maintenance  resources.  Identifying  the 
"Portrait"  (estimation)  of  production  capabilit”  is  critical,  so  that 
maintenance  managers  can  make  snart  decisions  when  planning  and 
allocating  limited  maintenance  resources  for  sortie  production. 

Problem  Statement 

Existing  production  capability  measurements  in  aircraft  maintenance 
fail  to  give  Strategic  Air  Corrmand  (SAC)  maintenance  managers  an 
accurate  estiitation  of  maintenance  production  capability  when,  planning 
naintenance  support  for  sortie  generation. 

Research  Questions 

1)  What  are  the  existing  measures  cf  aircraft  naintenance  production 
capability  in  SAC? 

2)  What  are  the  aircraft  maintenance  production  constraints  that  limit 
or  enhance  production  capcibility? 

3)  What  are  the  statistical  relationships  between  the  naintenance 
constraints  and  cin  orgeinization's  production  cap»ability? 

4)  What  maintenance  constraints  can  be  used  in  a  predictive  model  of  a 
naintenar.v-e  organization's  sortie  producing  capability? 

Scope  of  the  Research 

The  scope  of  this  research  project  will  be  limited  to  SAC  aircraft 
naintenance.  The  research  will  be  further  limited  to  SAC  wing 
organizations  flying  the  KC-135A/'D/E/Q,  KC-135R,  RC-135V/N,  E-4B,  B-IB, 
EC-135A/C/G/L/N/Y,  B-52H,  B-52G  and  FB-lllA  aircraft.  The  results  of 
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this  research  may  not  apply  to  other  aircraft  types  in  SAC  or  other 
major  commands  and  organizations.  The  regression  nvxJel  prediction  range 
will  be  confined  to  the  established  range  set  by  the  ex  post  facto  data 
used  to  build  the  model.  Extrapolation  outside  of  the  data  set  will 
n«ke  the  prediction  invalid. 

HQ  SAC/LGY  will  provide  the  maintenance  suirmary  data  for  the 
aircraft  types  under  study.  The  data  elements  will  cox'er  twenty-one  one 
month  periods  of  historic  data. 


Background 

Estimating  aircraft  maintenance  production  capability  is  difficult. 

The  difficulty  is  due  in  part  to  a  lack  of  understanding  of  how  aircraft 

maintenance  constraints  correlate  with  each  other  cuid  act  upon 

production  output.  Capt  Bill  Gilliland  submitted  a  masters  thesis  to 

the  Air  Force  Institute  of  Technology  School  of  Systems  and  Logistics 

which  reported  correlations  between  maintenance  productivity  measures  in 

the  Military  Airlift  Coitinand  (MAC).  Capt  Gilliland's  research 

identified  productivity  measures  listed  in  Table  1  as  inputs  and  outputs 

of  MAC  aircraft  maintenance.  The  statistical  analysis  of  these 

productivity  measures  spawned  the  following  conclusion: 

Of  the  thirteen  measures  evaluated,  eight  produced  the 
strongest  explainable  irodel  reflecting  maintenance 
productivity.  Manhours  per  flying  hour  was  the  predominant 
output  wfien  viewed  as  a  result  of  the  influence  of  mission 
capable  rates  and  maintenance  scheduling  effectiveness. 
Cannibalization  rates,  delayed  discrepancies  (both  awaiting 
parts  and  awaiting  maintenance)  and  the  average  nuitiber  of 
possessed  aircraft  were  the  inputs  which  appeared  to 
contribute  most  significantly  to  mission  capable  rates  and 
maintenance  scheduling  effectiveness.  By  understanding  the 
relationships  among  these  measures  and  monitoring  their 
interaction,  a  manager  may  be  better  able  to  positively 
influence  a  maintenance  unit's  productivity.  (8:110) 
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TABLE  1 


MAC  MAINTENANCE  PRODUCTION  VARIABLES 


OLTPUT 

Nomenclature 


labor  hour/flying  hour 

msr 

1 

mission  capable  rate 

msr 

repeat/reoccurring 

discrepancies 

msr 

7 

maintenance  scheduling 
effectiveness 

msr 

8 

maintenance  air  aborts 

trer 

9 

homestation  reliability 

msr 

10 

enroute  reliability 

msr 

11 

training  reliability 

msr 

12 

INPUT 

Nomenclature 

cannibalization  , 

awaiting  maintenance 
discrepancies 

awaiting  parts 
discrepancies 

average  possessed  aircraft 

base  self  sufficiency 


tnsr  3 
mer  4 

msr  5 

msr  6 
msr  13 


(8:94) 


This  thesis  will  acconplish  one  of  Capt  Gilliland's  research 
recorrmendations.  T)ie  reconmendation  called  for  a  continuation  of  the 
same  methodology  applied  to  different  major  commands  using  a  data  set 
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larger  than  six  months.  The  purpose  of  this  type  of  research  is  to 
further  validate  the  original  findings  (8:115-116). 

This  thesis  will  follow  through  with  variations  of  the  research 
reconmendation.  SAC  will  be  the  major  coimand  of  interest  for  this 
thesis  and  will  (xse  a  twenty-one  month  data  set.  Statistical  analysis 
of  productivity  measures  will  be  by  aircraft  model. 

SUQDasy 

Ihis  introductory  chapter  identified  the  current  congressional 
attitude  towards  defense  spending  and  the  challenges  defense  spending 
cuts  will  provide  for  the  aircraft  maintenance  manager.  This  chapter 
also  identified  the  problem  statement,  research  questions,  scope  of 
research  and  background  information. 

The  Literature  Review  in  Chapter  II  will  first  identify  theories  of 
productivity  measurement  and  ratios  used  to  measure  productivity  in 
business  and  the  Department  of  Defense  (DOD).  Second,  principles  of 
forecasting  win  be  explored  looking  for  applicability  to  aircraft 
neintenance  production  tranagement.  Third,  analysis  of  existing  theses 
will  discuss  previous  findings  of  research  done  to  identify  maintenance 
constraints  that  act  on  production  output. 
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The  purpose  of  this  literature  review  is  to  give  the  reader  a 
vorking  knowledge  of  the  nanagement  disciplines  needed  to  assist  in 
understanding  this  thesis.  Additionally,  the  literature  review  vail 
equip  the  researcher  with  the  necessary  tools  with  which  to  conduct  the 
research.  The  literature  review  will  examine  tvio  nanagement  disciplines 
as  they  relate  to  determining  production  capability  in  aircraft 
mintenance .  The  tvro  disciplines  to  be  discussed  are  productivity 
measurement  and  forecasting  principles  as  they  apply  to  understanding 
and  explaining  the  interaction  between  production  process  inputs,  as 
determinants  of  production  capability,  and  process  outputs.  The  third 
literature  topic  area  will  be  an  analysis  of  existing  theses  to  identify 
maintenance  constraints  that  act  on  production  output. 

The  productivity  measurement  literature  is  organized  by  subject 
with  salient  information  discussed  for  each  productivity  measurement 
concept.  The  concepts  are  presented  in  the  following  order: 
productivity  measurement  defined;  inputs,  outputs  and  ratios;  macro  and 
micro  measurements;  productivity  measurement  in  the  Department  of 
Defense  (DOD);  and  the  productivity  measures  used  in  the  Strategic  Air 
Conmand  (SAC).  This  section  will  lay  a  foundation  in  productivity  by 
first  establishing  v^at  productivity  measurement  is  and  then  explaining 
its  concepts  and  organizational  levels  of  application. 

Forecasting  principles  are  discussed  with  a  concentration  on 
understanding  vrtiy  regression  analysis  is  chosen  for  this  research 
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project.  Assuirptions  ard  limitations  of  different  forecasting 
techniques  will  also  be  presented. 


A  literature  review  examining  theses  accomplished  in  previous  years 
that  studied  the  effect  of  maintenance  constraints  on  production 
capability  is  also  presented.  Tlie  research  projects  are  presented  by 
thesis  discussing  findings  and  conclusions.  The  emphasis  of  the 
research  review  is  to  find  out  v+iat  correlations  previous  research  has 
uncovered  between  maintenance  constraints  and  productivity  outputs. 


Productivity  Measurement 

If  an  organization  is  to  manage  productivity,  meaningful  and 

accurate  productivity  measurement  ratios  must  be  formulated  at  all 

levels  in  the  organization. 

Lord  Kelvin  wrote,  'When  you  can  measure  what  you  are 
.  speaking  about  and  express  it  in  numbers,  you  know  something 
about  it;  but  v*ien  you  cannot  express  it  in  numbers,  your 
knowledge  is  of  a  meager  and  unsatisfactory  kind;  it  may  be 
the  beginning  of  knowledge,  but  you  have  sccu:cely,  in  your 
thoughts,  advanced  to  the  stage  of  science,  whatever  the 
matter  be.'  If  the  natter  be  productivity  it  necessitates 
the  use  of  two  numerical  measures  -  output  and  input." 

(12:127) 

An  organization  cannot  know  if  it's  achieving  acceptable  productivity 
performance  without  establishing  meaningful  objective  measures. 
Managers  cannot  hold  people  accountable  to  a  level  of  productivity 
performance  if  the  performance  cannot  be  quantifiably  and  reliably 
measured;  they  cannot  manage  what  they  do  not  measure  (12:128-129). 

Productivity  Measurement  Defined.  There  is  no  generally-agreed- 
upon  definition  of  productivity  measurement.  "Productivity  means  many 
things  to  many  people"  (18:10).  There  are  as  many  different 
productivity  measurement  ratios  as  there  are  types  and  levels  of 


organization.  In  a  production  organization,  each  process'  and  plant's 

hierarchial  level  requires  a  different  productivity  measure  to 

accurately  appraise  perforitance  (18:10). 

Individual  fintis  need  a  comprehensive  system  of  productivity 
measurements  at  the  firm,  plant  and  process  level  that  will 
enable  them  to  know  how  they  are  doing,  help  them  to  spot 
weak  areas,  and  help  them  know  what  to  do  to  achieve 
productivity  increases.  (17:8) 

It  is  important  that  the  organization  formulate  measures  at  each 
activity  level,  and  that  the  measures  accurately  reflect  the 
relationship  between  the  activities*  outputs  and  inputs  of  business. 
"Measurement  of  productivity  must  be  appropriate  to  the  problem  at  hand" 
(18:10). 

Productivity  measurement  definitions  vary  in  complexity.  In  its 
basic  form,  productivity  is  a  ratio,  also  called  an  index,  that  measures 
outputs  against  inputs.  "Most  productivity  measures  begin  with  the  same 
simplistic  concept:  output  per  unit  of  input"  (15:37).  A  productivity 
measurement  ratio  is  a  representation  of  physical  inputs  and  outputs 
(2:111): 

Units  of  Output 

Productivity  = _  (1) 

Units  of  Input 

This  simple  ratio  is  the  standard  form  of  the  productivity  equation. 

A  more  complete  definition  is  "a  measure  of  the  efficiency  with 
which  resources  are  used  in  the  production  of  goods  and  services" 

(15:37).  In  this  definition,  resources  are  inputs  and  goods  and 
services  are  outputs.  The  definition  embraces  the  concept  of  measuring 
a  production  system's  efficient  operation  as  the  measurement  objective. 
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A  moderately  complex  definition  addresses  din»ensions  of 

Kctivity  neglected  in  the  other  two  definitions; 

Productivity  is  a  measure  of  production  efficiency.  Here, 
we  use  the  word  ’production'  in  a  broad  sense  and  define  it 
as  an  activity  which  converts  a  basket  of  goods  and  services 
(inputs)  into  another  basket  of  goods  and  services 
(outputs).  Productivity  measures  the  efficiency  with  which 
a  production  activity  converts  inputs  to  outputs.  Ideally, 
productivity  should  mecisure  the  efficiency  in  terms  of  input 
and  output  utilities  since  a  production  activity  is  intended 
to  create  utility.  (1:29-30) 

Productivity  measures  cannot  ignore  the  dimensions  of  the  process 
environment  and  remain  meaningful  and  accurate.  Ignoring  the 
productivity  factors  in  the  following  measurement  model  will  make  the 
ratio  meaningless.  The  form  of  the  productivity  model  is  (1:31): 


The  Sum  of  all  (Output  Quantity  in  Time 
Period  t  in  the  Original  Denomination)  X 
(Output  Conversion  Factor)  as  an  Element 
of  all  Output  Indices. 

Productivity  =  ' _ .  ’ _  (2) 


The  Sum  of  all  (Input  Quantity  in  Time 
Period  t  in  the  Original  Denomination)  X 
(Input  Conversion  Factor)  as  an  Element 
of  all  Input  Indices. 


This  definition  includes  the  concepts  of  providing  utility  to  the 
consumer,  accounting  for  output  ard  input  original  denominations  (man¬ 
hours,  pounds,  machine  hours,  dollars,  etc.),  using  conversion  factors 
to  transform  inputs  eind  outputs  to  corrmon  denominations,  and  time-series 
measurements  (productivity  ratio  in  one  period  corrpared  with  the  same 
ratio  in  oinother  period)  and  cross  sectional  measurements  (comparison  of 
one  productivity  ratio  in  a  period  with  a  ratio  for  a  similar  activity 
in  the  sams  period)  when  defining  productivity  (1:29-31). 
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Inputs.  Outputs  and  Ratios.  Although  definitions  of  productivity 


measurement  vary  in  complexity/  all  measures  are  defined  cis  outputs 
against  inputs  in  the  form  of  ratios.  In  the  open  systems  model  of  an 
organization,  resource  inputs  are  fed  into  a  process  that  trarisforms  the 
resource  inputs  into  a  goods  or  service  output  of  value  to  the  consumer. 
The  open  system  exchanges  goods  and  services  with  other  systems  in  the 
environment.  Inputs  of  one  system  aire  one  or  more  outputs  of  another 
system,  and  outputs  of  the  same  system  are  the  inputs  to  one  or  more 
other  systems  (11:32).  The  productivity  ratio  should  accurately  measure 
the  sj^tem's  process  efficiency  at  transforming  the  inputs  into  valued 
outputs . 

The  system’s  process  inputs  and  outputs  can  be  grouped  into 
separate  broad  categories.  These  input  categories  are  defined  as 
follows  (1:35-39):  •  • 

1.  Labor  inputs  are  the  human  resources  used  in  converting 
resources  into  goods  and  services. 

2.  Government  inputs  are  the  goods  and  services  provided  by  the 
local,  state  and  federal  governments.  These  goods  and  services  can  be 
fire  and  police  protection,  highways,  public  schools,  and  national 
defense . 

3.  Capital  inputs  are  the  equipment  and  facilities  used  in  the 
transformation  process. 

4.  Intermediate  inputs  are  the  in-process  goods  and  services 
provided  by  other  production  activities. 

The  production  output  categories  are  defined  as  follov's: 

1.  (Spoils  for  external  use  are  the  products  that  will  be  consumed 
by  the  user. 
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2.  (jQOQS  for  internal  use  are  products  used  as  inputs  in  the  same 
production  process  at  a  future  time;  for  example.  General  Motors 
manufactures  radios  that  are  installed  in  eissembly  line  automobiles. 

The  output  and  input  measures  are  formulated  into  ratios  c^ed  to 
measure  the  production  process  efficiency.  Five  types  of  ratio  models 
were  developed  by  aerospace  managers  from  the  National  Aeronautics  and 
Space  Mministration  (NASA) .  The  ratios  with  aircraft  maintenance 
examples  are  as  follows  (11:29-32): 

1.  Effectiveness  =  Projected  /  actual  :  number  of  sorties 
schedgled  against  number  actually  flown. 

2.  Quantity  =  Process  or  product  unit  /  sources  of  cost  :  number 
of  maintenance  shop  pieces  produced  against  rran-hours  consumed. 

3.  Quality  =*  Indicators  of  error  or  loss  /  process  or  production 
unit  ;  total  errors  found  in  aircraft  forms  agaip.st  total  number  of 
entries. 

4.  Value  -  Desirability  /  sources  of  cost  :  measured  customer 
satisfaction  with  morale  programs  against  the  cost  to  provide  morale  and 
welfare  services. 

5.  Ctianoe  or  improvement  =  Performance  measure  period  two  / 
Performance  measure  period  one  :  measure  the  change  in  sortie  rate  of 
this  quarter  against  last  quarter. 

It  is  important  to  remember  that  productivity  measures  must  not  be 
just  percentage  ratios.  Historically,  nanagement  has  given  only  minimuiti 
attention  to  productivity  due  to  the  absence  of  Uniting  productivity 
measures  to  the  bottom  line  of  cost  and  profitability.  Management  may 
give  more  attention  to  productivity  measures  if  they  are  linked  to  the 
business  bottom-line  perfornence  measure  (5:63-70). 
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Macro  and  Micro  Measurenents .  Productivity  msasm;:es  are 


categorized  and  applied  at  two  orgaJiization  hierarchiaj.  levels:  the  firm 

or  organizational  level  and  the  department  or  cost  center  level.  The 

firm  or  organizational  level  measure  is  called  a  veuriety  of  names, 

including  macro  (17:8),  global  (7:52),  aggregate  (15:37-38),  and  total 

(1:J1)  productivity  measure.  When  the  ratio  includes  all  the  firm's  or 

organization's  inputs  in  the  ratio  denominator  then  the  measure  is 

referred  to  as  total  productivity  measurement  (1:31). 

Aggregate  productivity  measures  ars  designed  to  evaluate  the 
performance  of  a  large  collective  body  (a  plant,  division, 
company  or  an  industry)  over  an  extended  time  frame.  An 
aggregate  productivity  measurement  SN'stem  can  provide 
management  wit)*  essential  indicators  of  the  effective  use  of 
all  component  resources.  (15:37-38) 

John  Kendricks,  the  economist,  developed  the  concept  of  total 

productivity  measurement  in  the  early  1960 's. 

Essentially,  Kendrick's  technique  is  to  relate  the  total 
output  of  a  firm  or  industry  in  real  terms  to  the  total 
inputs  used  to  produce  that  output.  The  macro  measure  is 
the  only  comprehensive  measure  of  productivity  change  for 
the  total  enterprise.  (17:8-10) 

The  department  or  cost  center  productivity  measure  is  called  the 
micro  ^17:8),  local  (7:52),  component  (15:37-38),  and  partial  (1:31) 
productivity  measure.  Micro  measures  are  detailed,  but  they  cannot  be 
aggregated  into  the  overall  productivity  measure  of  a  firm.  Micro 
measures  are  meast^es  of  efficiency  rather  than  productivity.  They  will 
measure  a  unit’s  optimization  but  cannot  be  used  to  measure  total  unit 
productivity.  Micro  measures  are  normally  financial  cost  treasures  and 
do  not  measure  contribution  of  resource  inputs  (17:10).  "Component 
productivity  measures  are  designed  to  measure  the  performance  of  a 
single  activity  or  a  relatively  small  organizational  unit"  (15:37-38). 
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An  exairple  of  a  micro  and  macro  productivity  measure  integration  is 
backlog  measurement  in  a  U.S.  Army  maintenance  shop.  The  maintenance 
shop  uses  four  micro  prod\ictivity  measures:  1)  Workload  in  standard  man¬ 
hours  of  work  accepted  by  a  maintenance  shop  but  not  conpleted; 

2)  Available  man-hours  per  day  as  a  measure  of  how  many  direct  man-hours 
(labor  expended  in  the  production  activity  adding  value  to  the  product 
or  service)  and  indirect  man-hours  (labor  expended  for  needs  not  in 
direct  support  of  production);  3)  Utilization  rate  as  the  percentage  of 
labor  that  is  direct  labor;  and  4)  Efficiency  rate  as  a  measure  of  skill 
level  expressed  as  the  standard  nen-hours  to  complete  a  job  divided  by 
the  actual  man-hours  to  complete  the  job.  The  shop  uses  one  macro 
measure  to  report  backlog  performance.  Backlog  is  the  aggregate  of  the 
four  micro  measures  and  represents  the  work  waiting  for  entry  into  the 
shop  and  not  completed  (19:14-15). 

Macro  productivity  measures  focus  on  total  outputs  against  total 
inputs.  Micro  measures  are  a  single  measure  of  a  unit  and  are  a  measure 
of  efficiency  rather  than  productivity.  Micro  cUtkI  macro  measures  must 
be  integrated  into  management  reporting  as  an  integral  part  of  the 
organization's  management  informtion  system  (15:37-38). 

Productivity  Measurement  In  the  POP.  Productivity  measurement 
guidance  in  the  DOD  is  general  and  does  not  dictate  productivity 
measures  to  be  used  by  DOD  departments  and  agencies.  A  previous  thesis 
reviewed  government  documents  that  establishes  productivity  management 
in  the  DOD,  the  Air  Force,  and  MAC.  Also,  the  research  included 
interviews  with  maintenance  personnel  at  MAC  airlift  wings  to  identify 
productivity  measures  in  use  at  the  wing  organizational  level  (8:78-79). 
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The  above  stated  research  found  that  the  federal  government  uses 
labor  output  as  the  measure  of  productivity.  "The  presidential  order 
v#iich  serves  as  the  primary  guidance  for  productivity  improvement 
defines  productivity  as  the  efficient  use  of  government  resources  to 
produce  a  desired  output  in  the  form  of  goods  and  services"  (8:86). 
Within  the  DOD,  each  major  component  compiles  and  submits  labor  hour 
data.  In  the  Air  Force,  aircraft  maintenance  productivity  data  is 
submitted  for  intermediate  and  depot  rtaintenance  le’/els  by  the  Air  Force 
Logistics  Command  to  the  Air  Staff  for  verification,  compilation,  and 
submittal  to  the  Bureau  of  Labor  Statistics.  This  represents 
productivity  measurement  at  a  macro  level  (8:86-87). 

At  the  micro  level,  the  Major  comnand  is  responsible  for  developing 
productivity  goals  and  measures  amd  managing  their  respective 
productivity  programs  in  accordance  with  AFR  25-3.  According  to  the 
comptroller  directorate  at  MAC  headquarters,  supply  cost  per  flying  hour 
is  the  productivity  measure  associated  with  aircraft  maintenance. 

MACR  66-1,  paragraph  4-14  lists  productivity  measures  as: 

1.  manhour  per  flying  hour 

2.  cannibalization  actions  per  aircraft 

3.  awaiting  maintenance  discrepancies 

4.  awaiting  parts  discrepancies 

5.  maintenance  air  aborts 

6.  base  self  sufficiency 

7.  high  component  failures/work  hour  consumers  (high 

failure  aircraft  components  that  consunte  a  relatively  higher 
amount  of  labor  hours  than  other  components) 

(8:90-91) . 
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Two  productivity  measures  not  cited  in  MACK  66-1  used  by  aircraft 
maintencince  units  are  departure  reliability  rates  and  mission  capable 
rates.  Operational  units  are  free  to  establish  effectiveness  and 
efficiency  measures  to  manage  unit  productivity.  Operational  units  use 
several  different  productivity  measures  signifying  each  unit's  relative 
independence  from  the  major  command  in  defining  measures  that  v/ill  aid 
the  unit  in  achieving  organizational  goals  (8:87-88).  A  list  of 
measures  gathered  from  the  wing  rreintenance  units  appears  in  Appendix  G 
of  the  original  thesis  (8:92). 

SAC  Productivity.  Measurement.  SAC  productivity  measurement  is 
primarily  the  responsibility  of  the  aircraft  maintenance  analysis 
section  on  the  DCM  staff  at  the  wing  level  and  TO  SAC/LGY  for  the 
coimand.  The  data  used  for  analysis  is  taken  from  the  Maintenance  Data 
Collection  (MDC)  system  which  accumulates  maintenance  data  from  AFTO 
form  349,  Maintenance  Data  Collection  Record,  or  the  on-line  Core 
Automated  Maintenance  System  (CAMS).  The  MDC  system  includes  files  of 
maintenance  histories  for  aircraft  and  missile  systems  and  their 
subsystems  (6:3-1). 

The  MDC  data  is  used  to  measure  the  efficiency  and  effectiveness  as 
well  as  the  health  of  the  jraintenance  organizations  and  the  weapon 
systems.  These  productivity  measures  aid  the*  aircraft  maintenance 
mauiagers  in  assessing  the  organization's  condition  and  aids  in  the 
managers  ability  to  make  accurate  and  timely  decisions.  The 
productivity  measures  used  by  SAC  headquarters  and  wing  organizations 
are  many  and  will  not  be  presented  in  this  section  but  will  be  presented 
in  Chapter  IV  and  used  in  correlation  and  regression  analysis. 
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Suimarv.  This  literature  review  presented  multiple  definitions  of 
productivity  measurement.  The  definitions  began  with  a  basic  form  of 
the  output  to  input  ratio  and  ended  with  a  moderately  coirplex  definition 
that  accounted  for  utility,  denomination,  conversion  factors  and  time- 
series  and  cross  sectional  measurements.  A  discussion  of  the  inputs, 
outputs  and  ratios  followed,  identifying  broad  categories  for  inputs  and 
outputs  and  ratios  developed  by  aerospace  managers.  Micro  and  macro 
measurement  and  their  differences  were  presented  with  an  example  of  army 
maintenance  and  its  Illustration  of  micro  and  macro  measurement 
integration.  Mditlonally,  DOD  productivity  mfjasures  were  presented - 

There  are  many  different  mecjsures  of  productivity.  The  differences 
are  attributed  to  organizational  level  and  process  application.  The 
productivity  ratio  must  explain  and  accurately  measure  the  production 
process.  Ratio  measures  must  be  tied  to  the  business  bottom-Une  of 
cost  and  profitability  to  be  useful  in  managing  productivity. 

The  contemporary  manager  functions  and  makes  decisions  in  a 
complicated  ever  changing  environment.  In  times  past,  managers  could 
run  businesses  by  making  decisions  about  corporate  operations  and 
competitive  markets  using  only  intuition  and  jiKigement  gained  through 
many  years  of  sometimes  difficult  experiences.  Those  days  have  given 
way  to  managers  who  today  depend  on  decision  support  systems,  computer 
algorithms  and  heuristic  techniques  to  optimize  every  decision  to  the 
organization's  advantage.  Forecasting  is  not  intended  to  be  an  end  in 
itself.  It  is  a  subset  of  a  decision  making  process  used  to  clarify  the 
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manager's  understanding  about  the  uncertain  future  and  increase  the 
value  of  the  nanager's  final  decision  (20j1). 

This  section  of  the  literature  review  will  examine  the  two 
forecasting  classifications  and  the  major  techniques  in  one  of  the 
classifications  (qualitative  forecasting  will  only  be  treated  briefly) . 
An  evaluation  criteria  will  be  presented  that  will  aid  in  understanding 
how  to  correctly  match  a  forecasting  technique  to  a  particular 
situation.  Additionally/  each  forecasting  technique  will  be  contrasted 
to  the  other  techniques  exposing  assumptions  auid  limitations.  Tlie 
purpose  of  this  review  is  to  give  insight  into  the  rationale  for 
choosing  multiple  linear  regression  as  the  statistical  model  for  this 
research  project. 

Classifications.  Many  forecasting  techniques  have  been  developed 
to  aid  the  manager  in  predicting  future  business  patterns.  Marketing, 
finctnce,  production,  and  other  management  functional  areas  use  these 
forecasting  techniques  to  either  increase  profits  or  reduce  costs. 

These  forecasting  techniques  are  generally  grouped  into  two  categories: 
quantitative  and  qualitative  (20:4). 

Quantitative  forecasting  techniques  include  moving  average, 
exponential  smoothing  and  regression  analysis.  In  these  methods, 
historic  data  is  acted  upon  by  a  mathematical  appiroach  to  predict  a 
future  value.  There  are  tliree  reasons  quantitative  techniques  have  been 
popular.  First,  past  experience  has  shown  the  quantitative  techniques 
CO  be  accuirata.  Second,  development  and  Integration  of  conputers  has 
made  data  storage,  retrieval  and  computation  required  by  quantitative 
techniques  extremely  easy  and  efficient.  Finally,  quantitative 
forecasting  is  less  costly  than  qualitative  techniques  (20:5). 
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The  secrond  forecasting  classification  is  qualitativ^, .  As  stated  in 
the  opening  paragraphs,  this  classification  will  only  be  d'fined  and 
contrasted  to  quantitative  techniques.  The  qualitative  lethod  is 
examining  data  looking  for  a  change  in  hictoric  pattern  and  mai'ing 
decisions  based  on  an  expert's  judgement  to  interpret  tl.t.  pattern 
changes.  The  qnjalitative  method  is  expensive  and  should  only  be  used  in 
long  term  situations  and  those  that  are  critical  to  the  firm  (20:5-6). 

Selecting  a  Technique.  Matching  the  technique  to  the  situation  is 
a  critical  step  in  applying  forecasting.  A  method  of  matching  the 
forecasting  technique  to  the  rranagement  objective  has  been  established 
to  aid  the  decision  maker.  This  method  amalyzes  the  characteristics  of 
the  forecasting  techniques  and  uses  the  analysis  as  a  basis  of  choosing 
the  most  accurate  technique  for  the  stated  objective.  Forecasting 
technique  characteristics  are  grouped  in  the-  following  categories: 

1.  The  pattern  of  the  data  that  can  be  recognized. 

2.  The  accuracy  of  the  nethod. 

3.  The  type  of  the  model. 

4.  The  cost  of  using  the  method. 

5.  The  lead  time  for  v^iich  the  method  is  appropriate. 

6.  The  applicability  of  the  methcd. 

(20:18). 

The  first  criteria  that  should  be  considered  is  the  pattern  of  the 
data.  Historic  data  displays  some  kind  of  underlying  pattern  that  can 
be  identified.  Forecasting  techniques  make  explicit  ass'inptions  about 
the  pattern  of  data  as  to  the  appropriateness  of  the  technique.  The 
four  categories  of  data  patterns  aze  horizontal,  trend,  seasonal  and 
cyclical  (20:19). 


19 


The  second  criteria  is  the  accuracy  of  the  method.  Data  used  in 
forecasting  will  exhibit  one  or  more  of  the  four  data  patterns  presented 
in  the  preceding  discussion.  In  addition  to  these  patterns,  the  data 
will  also  exhibit  some  amount  of  randoimess  that  cannot  be  attributed  to 
a  specific  ca»ise.  ITie  decicion  maker  should  attempt  to  choose  a 
forecasting  technique  that  minimizes  the  data  random  component.  The 
better  the  technique  is  at  accounting  for  the  random  component,  the 
closer  the  forecasted  value  will  be  to  the  actual  value  (20:22-24). 

The  third  criteria  to  be  considered  is  the  type  of  forecasting 
model.  The  forecasting  model  is  the  same  as  the  technique  and  is 
referred  to  as  a  model  in  the  sense  of  the  procedures  used  to  describe 
cind  predict  the  forecast.  Forecasting  models  can  be  categorized  in  four 
general  groups:  time-series,  causal  or  explanatory,  statistical  and 
ngnstatisticil .  Tiie  time-series -technique  ass-ames  that  the  data  pattern 
occurs  over  a  period  of  time  and  that  the  pattern  will  repeat  itself  in 
the  future.  Thus  a  future  forecast  can  be  predicted  based  or.  past  time 
period  performance.  The  time-series  forecast  is  good  for  predicting 
future  events  of  the  organization's  external  environment  but  not  so  good 
at  predicting  the  consequence  of  a  maiiager’s  decision  in  the  current 
time  period  on  a  future  event  (20:25). 

Tile  second  nvodel  type  is  the  causal  or  explanatory  model.  This 
madel's  assumption  is  that  certain  variables  act  on  or  determine  the 
value  of  other  variables.  Generally  speaking,  the  causal  model  treats 
data  that  does  not  have  a  time  element  (20:25-26). 

The  third  model  is  the  statistical  model  and  uses  the  processes  and 
procedures  of  statistical  analysis  to  determine  data  patterns  and 
identify  the  reliability  of  the  prediction  of  the  forecasts  being 
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developed.  Statistical  models  are  more  complicated  than  other 
forecasting  techniques  and  have  not  been  widely  used  due  to  the  decision 
maker’s  lack  of  understanding  (20:26). 

Finally,  the  fourth  forecasting  model  is  the  nonstatist ical  model. 
These  techniques  are  based  heavily  in  the  decision  maker's  intuition  and 
feelings  about  what  is  going  on  in  the  forecasting  process  not  using 
fundamental  statistical  processes  and  probability  theory.  Qualitative 
forecasting  methods  are  nonstatist ical  in  nature  (20:26-17). 

The  fourth  criteria  to  be  considered  is  the  costs  of  a  forecasting 
technique.  Cost  considerations  sure  inportamit  when  comparing  forecasting 
techniques  and  choosing  the  technique  that  best  fits  the  decision 
maker's  purpose.  There  are  three  different  considerations  when 
analyzing  cost:  development  cost,  data  storage  and  acquisition  costs, 
and  operating  and  maintenance  costs  (20:27).  However,  these  cost 
considerations  are  not  applicable  to  this  research  project  and  will  not 
be  considered  here. 

Lead  time,  the  fifth  criteria,  should  be  considered  in  the 
forecasting  technique.  Lead  time  addresses  the  time  horizon  that  the 
forecasting  method  is  trying  to  predict.  Lead  time  can  be  divided  into 
four  categories:  immediate  term  (less  than  one  month),  short  term  (one 
to  three  months),  medium  term  (less  than  two  yeiirs),  and  long  term  (more 
than  two  years).  Some  forecasting  techniques  are  accurate  for  only  the 
immediate  and  short  term  time  horizons  and  othei:s  are  more  accurate  at 
the  medium  and  long  term  time  horizons.  Matching  the  tec'hnique  to  the 
objective  time  horizon  is  acutely  Important  in  limiting  the  amount  of 
random  error  that  is  generated  in  the  forecast  (20:28-29). 
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The  final  criteria  to  be  considered  is  the  applicaibility  of  the 
model  to  management  practice.  Applicability  is  concerned  with  the 
technical  suitability  and  behavioral  aspects  of  the  forecasting  model. 
There  are  three  aspects  of  applicability  that  need  to  be  considered. 
These  aspects  include  the  time  the  forecasting  method  takes  to  develop, 
the  ease  at  v^ich  the  manager  can  understand  the  technical  properties  of 
the  technique  and  interpret  the  results,  and  the  manager's  depth  of 
understanding  and  confidence  in  the  forecasting  technique  selected.  The 
manager  needs  to  have  confidence  that  the  forecasting  information  is 
accurate  and  that  the  manager  has  correctly  interpreted  the  information. 
This  confidence  is  directly  related  to  the  manager's  understanding  of 
the  technique  (20:29). 

Techniques:  Assumptions  ami  Limitations.  After  the  decision  maker 
has  considered  the  six  criteria  previously  discussed,  the  decision  maker 
can  choose  the  technique  that  btsst  fits  the  criteria;  Additionally,  the 
decision  maker  must  also  consider  each  forecasting  technique's  operating 
assumptions  auid  limitation.  The  technique's  assumptions  and 
limitations  must  be  matched  as  close  as  possible  to  the  forecasting 
application  cind  delta  fornat  so  that  the  forecasted  values  will  be  as 
close  to  actual  values  as  possible. 

The  two  typ<js  of  forecasting  models  to  be  considered  here  are  the 
time-series  aiid  causal  or  explanatory  models.  Time-series  forecasting 
models  such  as  naive,  moving  average,  exponential  smoothing  and 
variations  such  as  Box-Jeiikins,  double  exponential  smoothing  and 
Winter's  linear  and  seasonal  exponential  smoothing  all  work  under  the 
assumption  that  future  values  are  related  to  historic  time  values  and 
follow  the  basic  pattern  of  previous  data.  Each  time-series  technique 
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places  varying  importance  on  different  elements  of  the  time-series 
pattern . 

The  naive  technique  is  very  simple  and  easy  to  apply.  This 
technique  assumes  that  no  romdomness  exists  in  the  data  pattern  and  that 
the  data  is  perfectly  horizontal  and  has  no  trend,  seasonal  or  cyclical 
components.  The  technique  merely  states  that  what  the  actual  value  in 
this  period  will  be  the  forecasted  value  for  the  next  period.  Although 
the  technique  is  not  accurate  in  some  applications,  it  can  be  used  as  a 
baseline  to  compare  other  forecasting  techniques  for  appropriateness  to 
an  application  (20:37). 

Moving  average  attempts  to  decrease  randomness  in  the  data  for 
short-term  forecasting  by  averaging  past  data.  This  technique  has  a 
smoothing  effect  on  the  data  pattern.  The  major  limdtations  to  this 
technique  are  the  amounts  of  data  needed,  the  technique's  lack  of  . 
consideration  of  trend,  seasonal  and  cyclical  characteristics,  and  the 
forecast's  nonresponsiveness  to  immediate  changes  in  actual  values.  For 
these  reasons,  moving  average  is  generally  used  for  short-term 
forecasting  (20:54-60). 

E)xponential  smoothing  is  more  accurate  than  moving  average 
techniques  and  operates  under  the  assumption  that  the  most  recent  data 
is  the  most  accurate  and  a  better  predictor  of  future  values.  This 
technique  needs  only  the  last  period's  actual  and  forecasted  values  to 
forecast  for  the  next  period.  Consequently,  data  requirements  are 
significantly  less  than  moving  average.  Exponential  smoothing  like 
moving  average  also  attempts  to  eliminate  randomness  in  the  data.  In 
order  to  counteract  the  data  randomness,  exponential  smoothing  uses  a 
smoothing  constar.t  that  tends  to  either  suppress  or  accentuate  the  most 
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recent  change  In  data  depending  on  the  application  and  the  decision 
maker’s  need.  Again,  like  moving  average,  exponential  smoothing  assLimes 
the  data  pattern  is  horizontal  and  does  not  account  for  trend,  seasonax 
or  ci'clical  patterns  (20:63-65). 

Vtoiations  of  time-series  techniquefi  such  as  Box-Jenkins,  double 
exponential  smoothing  and  Winter's  linear  and  seasonal  exponential 
smoothing  attempt  to  account  for  the  data  patterns  of  trend,  seasonal 
and  cyclical  that  naive,  moving  average  and  exponential  smoothing  fail 
to  capture.  These  more  complicated  techniques  are  still  atterrpts  to 
forecast  assuming  that  future  values  will  follow  historic  data  patterns 
modified  by  time  elements. 

The  purpose  of  this  thesis  research,  outlined  in  the  problem 
statement  and  the  research  questions  in  Chapter  I,  is  to  identify  the 
maintenance  production  constraints  that  determine  production  output. 
Identifying  these  constraints  will  give  the  maintenance  manager  a 
realistic  portrait  of  maintenance's  capability  to  produce  sorties. 
Building  a  forecasting  model  to  predict  production  output  given  a  set 
of  constraints  is  an  objective  of  this  thesis  but  more  important  is 
understanding  the  relationships  between  the  constraints  and  production 
output.  Again,  the  purpose  is  to  "paint  a  portrait"  of  production 
capability  in  order  to  help  the  maintenance  manager  better  utilize 
maintenance  resources  Increasing  maintenance  productivity.  Time-series 
forecasting  methods  are  not  sufficient  in  identifying  the  relationships 
between  constraints  and  production  outputs. 

Although  time-series  techniques  are  not  suitable  for  this  research, 
causal  or  explanatory  models  do  attempt  to  identify  relationships 
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between  independent  and  dependent  variables.  "Explanatory  forecasting 
assumes  a  cause  and  effect  relationship  between  the  inputs  of  the  system 
and  its  output"  (14:14),  Multiple  regression  and  correlation  are 
excellent  techniques  to  aid  in  understanding  relationships  between 
multiple  variables o  Multiple  regression  and  correlation  operate  under 
the  assumption  that  one  or  more  independent  variables  can  be  ustxi  to 
predict  the  occurrence  of  a  dependent  variable. 

Referring  back  to  the  discussion  on  the  six  criteria  for  choosing  a 
forecasting  model  presented  earlier,  of  the  six  criteria,  the  type  of 
model  must  be  the  overriding  criteria  for  selecting  regression  analysis. 
Although,  the  naintenance  data  used  in  this  thesis  may  contain  data 
pattern  characteristics  of  trend,  seasonality  or  cycles  which  would  give 
the  data  characteristics  of  time  where  time-series  techniques  may  be 
appropriate,  the  inportance  of  this  thesis  lies  in  finding  relationships 
between  maintenance  constraints  and  production  outputs  which  leads  the 
methodology  selection  to  the  causal  or  explanatory  technique. 

Suimarv.  The  forecasting  section  of  the  literature  review 
presented  the  two  classifications  of  forecasting  techniques: 
quantitative  and  qualitative.  This  section  also  discussed  the  six 
criteria  for  selecting  a  forecasting  technique;  data  pattern,  model 
accuracy,  model  type,  cost,  lead  tine,  and  applicability.  Time-series 
and  causal  or  explanatory  techniques  were  presented  with  assumptions  and 
limitations.  The  researcher  concluded  that  the  most  appropriate 
forecasting  technique  for  this  thesis  application  is  a  regression  model 
based  on  the  need  for  identification  of  variable  relationships  between 
maintenance  constraints  and  production  output. 
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A  review  of  previous  theses  is  irnportimt  to  increase  the 
understanding  of  what  knowledge  already  exists  in  the  area  of  aircraft 
maintenance  production  as  related  to  resource  constraint's  effesct  on 
production  output.  The  review  in  this  section  will  be  organized  by 
thesis  presenting  salient  research  findings  and  conclusions.  The  review 
includes  three  Air  Force  Institute  of  Technology  (AFIT)  theses  that 
studied  the  relationships  between  aircraft  naintenance  constraints  and 
production  outputs.  Each  thesis  Incorporated  a  different  methodology 
and  ccialysis  of  different  sets  of  data.  The  purpose  of  this  review  is 
to  understand  maintenance  constraint  and  production  output  relationships 
identified  in  these  theses  and  possibly  find  some  correlations  between 
the  findings.  The  first  review  is  a  thesis  studying  MAC  aircraft  using 
telephone  interviews,  regression  analysis  and  statistical  correlation. 
The  second  thesis  is  research  into  Air  Force  Logistics  Coirmand  (AFLC) 
depot-level  aircraft  maintenance  using  Data  Envelopment  Analysis  (DEA) 
and  regression  analysis.  The  third  thesis  review  is  a  study  of  Tactical 
Air  Coimand  (TJ'C)  A-10  aircraft  maintenance  using  Constrained  Facet 
Analysis  (CFA) . 

MAC  Aircraft  Maintenance.  The  first  thesis  is  a  study  of  aircraft 
itaintenance  productivity  in  MAC.  The  first  phase  of  the  thesis 
methodology  included  using  a  structured  interview  with  an  open  ended 
question  format.  The  Interview  findings  were  presented  earlier  in  this 
chapter  in  the  review  of  productivity  measurement  in  DOD. 

The  second  phase  of  the  methodology  evaluated  the  productivity 
measurers  most  significant  for  measuring  a  unit's  aircraft  maintenance 
productivity.  The  evaluation  categorized  the  productivity  measures  as 
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either  inputs  or  outputs.  The  productivity  measurement  outputs  were 
used  iis  dependent  variables  in  regression  equations.  The  remaining 
measures  were  considered  productivity  inputs  and  treated  as  independent 
variables.  Time  constraints  limited  the  researcher  to  analysis  of  data 
for  six  MAC  airlift  wings  (8:80-81). 

Using  thirteen  productivity  measures  found  during  the  study,  the 
researcher  built  a  preliminary  model  that  showed  the  relationship 
between  rtaintenance  inputs  and  production  outputs.  The  researcher 
progranined  a  correlation  matrix  and  ran  statistical  analysis  on  the 
thirteen  productivity  measures  in  order  to  determine  the  accuracy  of  the 
preliminary  model.  Collinear  measures  were  identified  as  candidates  for 
elimination  from  the  preliminary  model  (8:81-82). 

The  final  process  for  analysis  of  the  model  included  stepwise 
regression.  All  measures  were  regressed  to  each  of  the  six  output, 
measures  using  backward  elimination.  Of  the  six  models  produced  through 
the  regression  process,  one  model  appeared  to  contribute  most 
significantly  to  explaining  the  productivity  output.  The  preliminary 
model  and  the  regressed  model  were  connpared  to  either  confirm  or 
question  ..he  relationships  of  the  preliminary  logical  model.  The 
productivity  output  measure  with  its  contributing  independent  variables 
that  best  explained  productivity  were  selected  as  the  productivity 
model.  The  researcher  performed  residual  analysis  on  the  productivity 
model  vrtiich  further  refined  and  validated  the  final  logical  model 
(8:82-83). 

The  final  step  in  the  research  included  combining  the  findings  of 
the  correlation  and  regression  analyses  to  build  the  final  logical 
model.  This  model  supports  a  multi-level  input-output  set  of 
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relationships  between  seven  o£  the  thirteen  productivity  measures  found 
through  the  research  process.  The  model  identifies  the  following 
relationships  (8:106): 

1.  Three  inputs;  cannibalization  rate,  av-aiting  maintenance 
discrepancies  and  average  possessed  aircraft  correlate  negatively  (-), 
negatively  (-)  and  positively  (+)  respectively  to  mission  capable  rate. 
When  cannibalization  rate  and/or  awaiting  maintenance  discrepancies 
decreases,  the  mission  capable  rate  increases.  When  average  possessed 
aircraft  increases,  the  mission  capable  rate  increases. 

2.  Another  input,  awaiting  parts  discrepancies,  correlates 
negatively  (-)  to  naintenance  scheduling  effectiveness,  that  is,  as 
awaiting  parts  discrepaaicies  increases  maintenance  scheduling 
effectiveness  decreases. 

3.  Mission  capable  rate  and  maintenance  scheduling  effectiveness 
are  inputs  to  the  final  ttodel  output;  Icibor  hour  per  flying  hour. 

Mission  capable  rate  correlates  negatively  (-)  to  labor  hour  per  flying 
hour,  that  is,  as  mission  capable  rates  increase  the  labor  hour  per 
flying  hour  expended  decreases.  Conversely,  maintenance  scheduling 
effectiveness  correlates  positively  (+)  to  labor  hour  per  flying  hour, 
that  is,  as  maintenance  scheduling  effectiveness  increases  labor  hour 
per  flying  hour  increases. 

Rec:cinnendations  of  the  researcher  are  consistent  with  the  nature  of 
the  relationships  highlighted  by  the  logical  model.  Labor  hour  per 
flying  hour,  mission  capable  rate,  maintenance  scheduling  effectiveness, 
cannibalization  rates,  delayed  discrepancies  and  the  average  nuntoer  of 
possessed  aircraft  appeared  to  be  the  maintenance  factors  that  best 
indicated  a  maintenance  units  productivity  (8:115), 
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AFLC  Depot  Level  Maintenance.  This  thesis  analyzed  twenty  months 
of  aircraft  naintencmce  data  from  the  San  Antonio  Air  Logistics  Center, 
Aircraft  Division.  The  researcher  used  Data  Envelopment  Analysis  (DE.A) 
to  measure  aircraft  production  efficiency  at  the  aircraft  division  and 
regression  analysis  to  identify  the  nature  of  the  relationship  between 
resource  inputs  and  production  outputs.  The  DEA  is  a  analytical 
procedure  ’hereby  nonprofit  organizations,  such  as  the  United  States  Air 
Force,  can  measure  relative  productivity  of  a  Decision  Making  Unit  (DMU) 
with  Itself  over  time  or  with  DMUs  of  similar  functions.  DEA  uses 
multiple  resource  inputs  and  multiple  production  outputs  to  measure  the 
relative  efficiency  of  the  IMJ  with  itself  over  multiple  time  periods  or 
with  other  similar  IMJs  (13:37). 

DEA  declares  a  DMU  to  be  relatively  one  hundred  percent  efficient 
when  at  least  one  of  tvro  conditions  are  achieved.  The  first  condition 
is  v*ien  the  DMU  can  only  increase  output  by  either  using  more  resource 
inputs  or  by  reducing  a  portion  of  the  DMU's  other  outputs.  The  second 
condition  when  one  hundred  percent  efficiency  may  be  declared  is  v*ien 
the  IMJ  can  only  reduce  inputs  by  reducing  its  output  or  by  consuming 
more  of  another  input  (13:30-39). 

Analysis  of  the  twenty  months  of  production  data  using  DEA  is  not 
necessarily  important  to  the  research  of  the  current  thesis  from  the 
stand-point  of  measuring  production  efficiency.  The  research  is 
inportant  to  the  current  thesis  when  considering  the  slack  of  resource 
inputs  for  the  twenty  IMJ  p(?riods.  TTte  input  measures  for  the  DEA 
analysis  included  material  dollars  and  total  direct  labor  hours  (regular 
+  overtime).  The  output  measures  included  the  quality  deficiencies 
recorded  during  the  Ready-For -Delivery  audits,  on-tirre  deliveries  and 
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total  aircraft  produced  (13:51-52).  The  amount  of  slack  constraint 
(when  0  slack  occurs  for  an  input)  can  be  represented  by  a  percentage 
relative  to  other  input  slack  values.  DEA  results  for  the  percentage  of 
time  an  input  suffered  a  slack  constraint  is  as  follows  (13:90): 

1.  Total  direct  labor  hours  suffered  a  slack  constraint  65  percent 
of  the  time. 

2.  Total  material  dollars  suffered  a  slack  constraint  25  percent 
of  the  time. 

3.  Overtime  hours  suffered  a  slack  constraint  30  percent  of  the 

time. 

4.  One  hundred  percent  efficiency  occurred  during  IMJ  2  and  10 
where  all  three  inputs  suffered  slack  constraint. 

The  results  of  the  DEA  show  that  total  labor  hours  suffered  a  slack 
■constraint  a  significant  portion  of  the  twenty  DMU  periods.  This  would 
suggest  that  total  labor  hours  is  a  strong  factor  in  measuring  aircraft 
maintenance  productivity  at  this  M.C  and  for  the  evaluated  time  period. 

Tiiis  research  project  also  used  regression  analysis  to  identify 
which  resource  inputs  were  predictors  of  production  outputs.  The 
researcher  decided  to  use  total  aircraft  produced  rather  than  on-time 
deliveries  as  the  dependent  variable  for  the  regression  analysis.  The 
analysis  used  straight -dat:a  and  the  natural  logs  of  direct  labor  hours, 
overtime  hours,  material  dollars  and  total  hours  (direct  overtime 
hours)  as  independent  variables  (13:69). 

After  removing  some  of  the  randoirness  in  the  data  by  converting  the 
twenty  months  to  seven  quarters  of  data,  the  researcher  ran  twelve 
regressions  against  total  aircraft  produced  using  different  combinations 
of  the  independent  variables.  The  results  of  the  regressions  indicate 
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that  total  labor  hours  (direct  +  overtime  hours)  nay  be  a  good  indicator 
of  the  number  of  aircraft  produced  (13:72).  The  results  of  the 
regression  analysis  are  consistent  with  the  observation  of  DEA  findings. 

TAC  A~10  Aircraft.  This  thesis  analyzed  A~10  Aircraft  Maintenance 
Units  (AMU)  and  aircraft  using  Constrained  Facet  Analysis  (CFA)  to 
measure  performance  in  terns  of  relative  efficiency.  The  data  used  in 
this  research  is  actual  data  from  an  A-10  Tactical  Fighter  Wing 
possessing  three  AMU's.  The  sample  size  is  a  total  of  fifteen 
observations  from  the  three  AMU's.  CFA  is  an  out -growth  of  DEA 
presented  in  the  previous  discussion.  This  thesis  is  of  interest  not 
because  ot  CFA  performnce  evaluations  of  the  AMUs,  and  therefore  the 
CFA  results  will  not  be  presented  here.  The  researcher  did  perform 
correlation  auialysis  on  the  AMU  nelntenance  data  inputs  and  outputs 
v4iich  is  of  inportance. 

The  maintenance  data  included  five  productivity  input  measures  for 
correlation  analysis.  The  inputs  are  e.'>  follows  (9:20-21): 

1.  Number  of  aircraft  possessed. 

2.  The  reciprocal  of  not  mission  capable  maintenance  (RNMCM) .  Not 
mission  capable  maintenance  (NMCM)  is  a  measure  that  limits  aircraft 
production  capability  due  to  n«intenance.  For  reasons  peculiar  to  CFA, 
the  researcher  used  the  reciprocal  of  the  measure  which  does  not  change 
its  value  but  does  change  its  direction.  The  RNMCM  will  appear  to  add 
to  production  capability  rather  than  detract  from  it. 

3.  The  reciprocal  of  not  mission  capable  supply  (RNMCS).  Not 
mission  capable  supply  (NMCS)  is  a  measure  that  limits  aircraft 
production  capability  due  to  a  lack  of  parts  availability  charged  to 
supply.  Again,  for  reasons  p'/jculiar  to  CFA,  the  researcher  used  the 
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reciprocal  of  the  measure  which  does  not  change  its  value  but  does 
change  its  direction.  The  PUMCS  will  appear  to  add  to  production 
capability  rather  than  detract  from  it. 

4.  Itte  nunfcer  of  flying  days. 

5.  The  fix  rate.  Hie  fix  rate  is  the  nufober  of  aircraft 
malfunctions  coded  3  that  are  fixed  within  a  8  hoiir  time  window 
following  landing. 

The  maintenance  data  included  two  productivity  output  ireasures  for 
correlation  analysis.  The  outputs  are  as  follovB  (9:19-20): 

1.  The  number  of  sorties  flown. 

2.  The  mission  capable  time.  Mission  capable  time  tor  an  AMU  is 
the  sum  of  fully  mission  capable  time  and  partially  mission  capable 
tinre.  Additionally,  it  is  the  sum  of  all  mission  capab?.e  time  for 
aircraft  maintained  by  the  AMU. 

The  correlation  results  for  the  AMU  data  with  correlation  values 
iiore  negative  than  -0.5  and  more  positive  than  +0.5,  identifying  inputs 
ard  outputs  with  the  strongest  correlations,  are  as  follows  (9:45): 

1.  The  number  of  sorties  produced  (output)  showed  a  negative 
correlation  to  number  of  flying  days  per  period  (Input)  at  a  -0.6289. 
This  is  an  interesting  finding  because  the  expected  crorrelation  wild  be 
positive.  As  the  number  of  flying  days  increases  thi*  number  of  sorties 
produced  should  increase  with  this  increased  opportunity  to  fly.  The 
fact  that  it  is  negatively  correlated  nay  be  due  to  the  fact  that 
training  sorties  are  contracted  at  a  set  number  not  necessarily 
dependent  on  the  number  of  flying  days  available.  In  the  peace  time 
environment,  the  number  of  flying  days  available  is  not  necessarily  a 


constraint  for  sortie  production.  The  negative  correlation  may  be  also 
due  to  some  other  characteristic  of  the  particular  data  set. 

2.  The  mission  capable  hours  (output)  is  positively  correlated  to 
the  number  of  aircraft  possessed  (input)  at  a  +0.9-138.  This  is  expected 
due  to  the  opportunity  for  more  mission  capable  time  because  of  the 
increased  availability  of  aircraft. 

Among  the  leraaining  findings  of  the  correlation  analysis,  two  other 
correlations  are  of  interest.  Number  of  sorties  flown  (output)  is 
negatively  correlated  to  RNMCM  (input)  at  a  -0,3875.  RNMOl  is  the 
reciprocal  of  NMCM  time  which  means  that  sorties  flown  is  actually 
correlated  positively  to  NMCM  time  at  the  same  valiie.  Though  the 
strength  of  the  correlation  is  relatively  low,  the  direction  of  the 
correlation  appears  to  be  opposite  from  a  logical  understanding  if  the 
sorties  flown  and  NMCM  time  are  accepted  as  an  output  ar<3  input 
respectively.  The  correlation  says  that  if  NMCM  time  increases  then 
sorties  flown  will  increase.  In  reality,  increased  NMCM  time  should 
adversely  effect  sortie  production  and  should  decrease  sorties  flown. 

An  explanation  for  this  might  be  that  NMCM  time  should  be  an  output  and 
sorties  flown  should  be  the  input.  Using  this  logic  and  the  correlation 
reported  in  the  research,  as  sorties  flown  (input)  Increases,  NMCM  time 
(output)  increases.  This  explanation  would  be  consist .jnt  with  reality 
in  that  the  more  the  aircraft  fly  the  more  opportunity  exists  for 
malfunction  adding  to  the  NtOl  time. 

Summary.  The  review  of  previous  research  helped  in  the 
understanding  of  the  relationships  between  aircraft  maintenance  resource 
constraints  and  production  outputs.  The  review  included  a  thesis 
studying  MAC  aircraft  using  telephone  interviews,  regression  analysis 
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arid  statistical  correlation.  The  review  also  included  research  into 
AFLC  depot-level  aircrraft  ircaintenance  using  the  Data  Envelopment 
Analysis  (DEA)  and  regression  analysis.  The  third  thesis  review 
presented  a  study  of  TAC  A-10  aircraft  maintenance  using  Constrained 
Facet  Analysis  (CFA) . 

A  significant  understanding  that  came  from  this  review  is  that  what 
would  be  considered  eis  an  output  in  a  manufacturing  production  system 
may  not  be  true  for  a  maintenance  production  system.  The  idea  presented 
in  the  earlier  NMCM  ar^  sortie  rate  discussion^  sortie  rates  defined  as 
an  output  and  NMCM  defined  as  an.  input  of  aircraft  maintenance,  may  not 
be  an  accurate  representation  of  the  maintenance  production  system. 
Rather  than  producing  high  sortie  rates  as  a  measure  of  productivity,.. 
maiiae  reducing  the  NMCM  time  may  be  a  more  accurate  measure  and  goal  of 
the  maintenance  production  effort. 

Suitinarv 

The  literature  review  examined  two  nanagement  disciplines  as  they 
relate  to  aircraft  maintenance  resource  inputs  determining  maintenance 
production  output.  The  two  disciplines  discussed  included  productivity 
measurement  and  forecasting  principles.  The  third  literature  topic  area 
presented  an  analysis  of  existing  theses  to  identify  naintenance 
constraints  that  act  on  production  output. 

The  productivity  measurement  literature  included  discussion  of 
productivity  measurement  concepts.  The  concepts  were  presented  in  the 
following  order;  productivity  measurement  defined;  inputs,  outputs  and 
ratios;  macro  and  micro  measurements;  productivity  measurement  in  the 
Department  of  Defense. 
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Forecasting  principles  were  also  discussed  with  a  concentration  on 
understanding  Mhy  regression  analysis  is  chosen  for  this  research 
project.  Assutrptions  and  limitations  of  different  forecasting 
techniques  were  also  presented. 

A  literature  review  examining  previous  theses  findings  and 
conclusions  that  studied  the  effect  of  maintenance  constraints  on 
production  capability  vas  also  presented. 
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This  chapter  presents  the  methodology  used  to  answer  the  research 


questions  and  consequently  the  problem  statement  in  Chapter  I .  The 
research  objective  is  to  identify  the  aircraft  maintenance  constraint 
independent  variables  and  production  output  dependent  variables  and 
understand  how  the  constraints  can  be  modelled  to  estimate  production 
capability.  Maintenance  performance  Indicators  cu:e  used  as 
representative  measures  of  maintenance  constraints  and  production 
output.  Identifying  and  irodelling  the  relationships  between  the 
maintenance  constraint  and  production  measures  will  increase  the 
maintenance  manager's  understanding  of  the  production  environment.  The 
literature  review  in  the  fields  of  productivity  measurement,  forecasting 
principles,  and  previous  research  presented  in  CJiapter  II  laid  a 
fourjdation  of  background  infornation  that  will  ciid  in  accomplishing  the 
research  objective.  The  methodology  continues  with  the  implementation 
of  correlation  analysis  and  stepwise  regression  modelling  to  better 
define  the  naintenance  production  environment  using  the  performance 
indicators.  The  following  discussion  will  further  develop  this 
methodology. 

Data  Treatment 

The  data  for  this  research  is  managemsnt  indicators  obtained  from 
current  data  files  used  at  HQ  SAC  and  in  the  wing  maintenance 
organizations.  HQ  SAC/LGY  provid<id  twenty-one  months  of  ex  post  facto 
maintenance  performance  indicators  for  the  time  period  from  January  1989 
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to  September  1990.  The  data  is  for  aircraft  models  KC-135A/D/E/Q^  E-4B, 
KC-135R,  RC-135V/N,  EC-135A/C/G/L/N/Y,  B-IB,  3-52H,  R-52G  and  FB-lllA 
and  is  grouped  by  month  for  the  twenty-one  month  period.  There  are  nine 
data  files  (one  per  aircraft  type)  presented  in  Appendix  A.  The  data 
file  columns  are  variables  and  the  rows  are  nv^nths  listed  from  top  to 
bottom;  January  1989  to  September  1990.  The  data  is  limited  to 
production  data  available  in  the  Maintenance  Data  Collection  (MDC) 
system  and  the  SAC  maintenance  analysis  comrunity.  The  performance 
indicators  are  extracted  from  SACP  66-17  or  identified  by  the 
researcher's  analysis  of  the  HQ  SAC/LGY  spreadsheet  titled  "Aircraft 
Perfornance  Indicators."  The  variable  set  is  identified  and  categorized 
as  either  maintenance  constraint  independent  variables  in  Table  2  or 
production  output  dependent  variables  in  Tc\ble  3.  Colonel  Phillip  L. 
Harris,  HQ  SAC/LGY,  Director  Logistics  Analysis,  identified  the 
dependent  variables  as  those  production  measures  that  maintenance 
managers  at  HQ  SAC  use  regularly  to  assess  maintenance  system 
effectiveness. 

The  last  six  months  of  data  for  each  aircraft  type  is  extracted 
from  the  data  set  and  will  not  be  used  during  correlation  analysis  or 
forward  stepwise  regression  modelling.  The  data  will  be  used  to 
validate  the  final  forms  of  the  twenty-seven  regression  models  for  the 
nine  aircraft.  The  six  months  of  data  is  for  the  period  April  1990  to 
September  1990. 

-Analygig  (yya.  ModelUnq 

Correlation  analysis  will  assist  in  understanding  how  the 
maintenance  constraints  ar,:»  related  to  production  output.  The 
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TABLE  2 


MAINTENANCE  CSDNSTRAINT  INDBPENDEWT  VARIABLES 


Air  Aborts  AAB 
Air  Abort  Rate  AAR 
Aircraft  Breaks  ABK 
Aircraft  Break  Rate  ABR 
Ain^raft  Fix  Rate  APR 
Aircraft  Sortie  Utilization  Rate  ASU 
Average  Sortie  Duration  ASD 
Cancellatioas  CNX 
Cancellation  Rate  CXR 
Cannibalizations  CAN 
Cannibalization  Rate  CNR 
Full  Mission  Capable  Rate  FMC 
Hours  Flown  HFN 
Late  Take-Offs  LTO 
Late  Take-Off.  Rate  LTR 
Manhours  Expended  MHE 
Manhours  Per  Sortie  MHS 
Manhours  Per  Flying  Hour  MHF 
Not  Mission  Capable  Rate  NMC 
Not  Mission  Capable  Both  Rate  NMB 
Not. Mission  Capable  Maintenance  Rate  NMM 
Not  Mission  Capable  Supply  Rate  NMS 
Number  Aircraft  Fixed  in  18  Hours  NFH 
Partially  Mission  Capable  Rate  PMC 
Partially  Mission  Capable  Both  Rate  PMB 
Partially  Mission  Capable  Maintenance  Rate  PMM 
Partially  Mission  Capable  Supply  Rate  PMS 
Possessed  Aircraft  PSA 
Possessed  Hours  PSH 
Sorties  Attesrpted  SAT 
Sorties  Flown  SPN 
Sorties  Scheduled  SSD 
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TABLE  3 


MAINTENANCE  PRODUCTION  OLfTPUT  DEPENDENT  VARIABLES 


imL 


Mission  Capable  Rate  MCR 

Total  Not  Mission 

Capable  Maintenance  Rate  (TNMCM)  TNM 

Total  Not  Mission 

Capable  Supply  Rate  (TNMCS)  TNS 


correlation  analysis  will  attempt  to  find  asymmetrical  relationships 
between  explcmatory  variables:  maintencuice  constraint  independent 
variables  and  production  output  dependent  variable.  In  addition  to 
identifying  Independent  variables  that  help  to  explain  the  behavior  of 
dependent  variables,  it  will  be  important  to  Identify  if  any  moderating 
and  e.xtraneous  variables  exist  for  either  use  in  or  exclusion  from  the 
final  regression  model.  It  may  also  be  necessary  to  make  inferences 
about  possible  intervening  variables  in  order  to  further  explain  the 
relationships  between  maintenance  constraints  and  production  output.  In 
order  to  reduce  the  data  set  of  independent  variables  that  are  best 
estimates  of  the  dependent  variables,  computer  programs  for  the  SAS 
System  for  Elementary  Statistical  Analysis  are  written  to  run  the 
correlation  analysis  and  regression  modelling.  A  sample  of  the  computer 
programs  are  listed  in  Appendix  B. 

Correlation  Analysis.  The  first  test  accomplished  is  the  Pearson 
product  moment  coefficient  of  correlation  r.  This  test  will  measure  the 
strength  of  the  linear  relationship  between  maintenance  constraint 
independent  variables  and  production  output  depei^ent  variables.  The 
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correlation  coefficient  scale  is  from  -1  to  +1  with  0  showing  no 
correlation  between  independent  and  dependent  variables  and  -1  cind  +1 
showing  the  strongest  correlation  for  a  negative  and  positive 
relationship  respectively  (16:514),  Lteing  the  SAS  program,  the  data  set 
of  thirty-two  independent  variables  and  three  dependent  variables  will 
be  correlated  for  each  of  the  nine  aircraft  types.  Tlie  strength  and 
nature  (from  +1  to  -1)  of  the  correlation  values  between  the  independent 
and  dependent  variables  will  assist  in  Identifying  those  independent 
variables  that  stepwise  r<igression  should  include  in  the  final  forms  of 
the  maintenance  model.  Wtiether  or  not  stepwise  regression  will  actually 
include  the  variable  in  t)ie  model  is  dependent  on  how  strong  the 
maintenance  constraint  is  correlated  to  the  production  output  and  the 
regression  model's  t-test  significance  level  and  its  probability  value 
for  the  maintenance  constraint  beta  parameter. 

A  problem  that  may  occur  is  collinearity  of  the  maintenance 
constraint  indepeixient  variables.  This  occurs  when  two  or  more 
independent  varic^bles  are  highly  correlated  with  each  other.  One  of  the 
bi?neflts  of  using  steiwlse  regression  is  its  tendency  to  correct  this 
problem  by  including  only  one  of  the  colllnear  vecciables  in  the 
regression  model  (16:624).  For  this  reason,  collinearity  will  be 
handled  using  stepwise  regression. 

Stepwise  Multiple  Regression.  The  maintenance  data  will  ■  e  iitit.  ! 
to  a  probabilistic  model  using  stepwise  multiple  regression.  "A 
systematic  approach  to  building  a  model  with  a  large  number  of 
independent  variables  is  difficult  because  the  interpretation  of 
multivariate  interactions  and  higher-order  polynomials  i  •  tedious' 
(16:722),  Due  to  the  conplex  process  of  modelling  thirty-two 
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independent  variables,  the  nalntenance  tnoclel  will  be  built  using 

stepwise  regression.  Borwei:d  stepwise  regression  will  be  used  to  find 

the  form  of  the  maintenance  iiKxlel  that  bast  describes  the  relationships 

between  the  maintenance  cons;traints  and  production  output.  The  three 

production  output  dependent  variables  in  Table  3  will  be  regressed  using 

the  thirty-two  maintenance  constraint  independent  variables  in  the  data 

set  identified  in  Table  2.  The  result  will  be  each  of  the  nine  aircraft 

types  will  have  three  regression  models  built  using  the  three  dependent 

variables  for  a  total  of  twenty-seven  regression  models.  After  building 

three  models  for  each  aircraft  type,  each  production  output  measure  for 

all  nine  aircraft  will  be  examined  for  common  maintenance  constraints 

that  might  explain  the  maintenance  system  in  general. 

The  coefficient  of  determination  R-squared  and  the 

P-statistic  will  be  used  in  combination  to  measure  how  well  the 

maintenance  models  fit  the  maintenance  performance  indicators.  These 

tests  are  global  measures  that  will  evaluate  all  of  the  maintenance 

constraint  beta  parameters  and  will  test  the  usefulness  of  the 

maintenance  model.  The  R-squared  statistic  will  reflect  the  ratio  of 

vairiabllity  explained  by  the  naintenance  constraint.3  over  total  model 

variability.  An  R-squared  value  equal  to  0  implies  the  model  does  not 

fit  the  data  and  a  value  of  1  iitipiles  a  perfect  fit  between  the  data  and 

the  model,  thus  the  scale  is  0  to  1  (16:575),  " 

The  F-statistic  will  be  used  to  identify  how  much  of  the  occurrence 

of  the  production  output  is  left  unexplained  by  the  regression  model. 

The  F  statistic  is  the  ratio  of  the  explained  variability 
divided  by  the  model  degrees  of  freedom  to  the  unexplained 
variability  divided  by  the  error  degrees  of  freedom.  Thus, 
the  larger  proportion  of  total  variability  accounted  for  by 
the  model,  the  larger  the  F  statistic,  (16:576) 
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The  F-statistic,  the  probability  value  greater  than  F,  the 
coefficient  of  determination  R-squared,  the  beta  parameter  t  value,  and 
the  probability  greater  than  the  absolute  value  of  t  measures  cannot  be 
used  in  isolation  from  one  another  and  in  doing  so  would  be  insufficient 
to  make  a  decision  on  the  usefulness  of  the  model.  The  model's 
usefulness  can  only  be  determined  by  evaluating  the  significance  of  the 
statistical  measures  in  concert  with  each  other. 

Residual  analysis  will  be  used  to  check  the  regression  asscmiptions 
that  the  maintenance  data  set  random  errors  are  normally  distributed 
with  a  mean  of  0,  the  random  error  variance  is  equal  to  sigma  squared 
and  the  random  errors  are  independent.  It  is  necessary  that  the 
variance  of  the  random  error  conponent  of  the  regression  model  be 
constant  in  order  to  use  the  least  squares  estimators.  If  the  random 
error  variance  is  not  constant,  then  transformation  procedures  will  be 
performed  on  those  naintenance  constraint  independent  variables  in 
question  { 16: 557-558; 728-730 ) . 

Model  Validation 

The  regression  model  will  be  validated  using  six  months  of 
maintenance  data  for  each  aircraft  type.  The  validation  procedure  is  to 
run  the  regression  model  using  the  six  months  of  data  to  see  how  close 
to  actual  historic  production  measures  the  model  can  predict.  Three 
confidence  intervals  for  the  predicted  value  will  be  used  to  estimate  a 
range  for  predicting  a  specific  production  capedoility  for  a  given  set  of 
mfdntenance  constraints  present  in  the  model.  The  validation  test  is 
the  final  measure  of  whether  or  not  the  maintenance  model  is  useful  at 
predicting  production  capability  at  a  determined  confidence  level. 
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Justification 


The  research  objective  is  to  find  the  best  estimators  of  production 
capability  in  SAC  aircraft  maintenance.  Multiple  regression  analysis  is 
a  powerful  estimating  and  prediction  tool.  Multiple  regression  allovs 
for  the  modelling  of  a  dependent  variable  (y)  as  a  function  of  two  or 
more  independent  variables  (16:555).  For  exarnt»le,  modelling  production 
output  [E(y)l  as  a  function  of  production  constraints  (xl,  x2,  .  .  . 
,xn).  The  statistical  tests  discussed  in  this  chapter  will  answer 
research  questions  two,  three  and  four  and  answer  the  problem  statement 
in  this  thesis. 

Sunroarv 

This  chapter  discussed  the  methodology  to  be  used  for  this  research 
project.  The  researcher  accomplished  a  literature  review  to  lay  a 
foundation  in  productivity  measurement,  forecasting  principles,  and 
previous  maintenance  research.  This  study  gives  the  researcher  the 
tools  to  accomplish  the  research  objective  and  the  reader  background 
infornation  to  understand  the  problem  and  the  final  recommendations. 

Statistical  analysis  will  be  performed  to  answer  research  questions 
two,  three  and  four.  The  statistical  tests  will  be  run  in  concert  with 
the  regression  analysis  to  aid  in  building  an  accurate  regression  model 
of  maintenance  production  capability. 

Chapter  IV,  Findings  and  Analysis,  statistically  analyzes  the  data 
and  reports  the  findings  of  the  research.  The  form  of  the  regression 
model  that  most  accurately  fits  the  data  set  will  be  preseni-.ed  with 
discussion  as  to  its  significance.  Aiditicnally,  discussion  of  the 
individual  statistical  test  results  will  be  presented. 
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Intioauctioti 

This  chapter  present;s  ai^wers  to  the  research  questions  and 
consequently  the  problem  statement  identified  in  Chapter  I.  A 
correction  to  the  maintenance  constraint  table  presented  in  Chapter  ni¬ 
ls  presented  at  the  beginning  of  this  chapter.  Research  question  1 
results  are  presented  pirior  to  discussing  individual  aircraft 
statistical  analysis  and  regression  modelling  used  to  answer  research 
questions  2,  3  and  4.  The  remainder  of  the  chapter  is  organized  by 
aircraft  type.  All  nine  aircraft  are  discussed  individually  beginning 
with  correlation  anal:ir5is.  A  table  identifying  the  maintenance 
constraint  and  production  output  measure  correlations  is  presented  to 
answer  research  questions  2  and  3.  The  table  with  appropriate 
discussion  identifies  which  maintenance  constraints  limit  or  enhance 
production  capability.  Additionally,  the  statistical  relationship 
bctwMn  the  maintenance  constraints  and  production  output  is  identified. 
Second,  the  results  of  forward  stepwise  regression  modelling  is 
presented  includirg  maintenauce  constraints  selected  and  the  model's 
global  measures.  Third,  findings  of  residual  analysis  are  presented 
with  changes  to  the  regression  model  where  appropriate,  (•'irially,  model 
validation  results  are  presented  with  90%,  95%  and  99%  confidence 
intervals  for  the  predicted  value  using  the  six  months  validation  data 
for  each  aircraft  type.  Following  the  discussion  of  all  nine  individual 
aircraft,  correlation  analysis  and  regression  modelling  results  will  be 
aggregated  looking  for  comnonalities  between  the  product  output 
measures  for  the  nine  aircraft  types. 
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The  prelimiruiry  naintenance  constraint  categorization  presented  in 
Table  2  o£  Chapter  III  is  modified  in  Table  4.  The  modification  is 
necessary  due  to  results  of  correlation  analysis  where  naintenance 
constraints  are  found  to  be  highly  correlated  with  the  production 
outputs  and  are  now  excluded.  This  collineaffity  3K3ds  no  meaningful 
research  information;  maintenance  constraints  were  sub-measures  or  in 
some  cases  Inverse  measures  of  production  outputs.  The  three  production 
outputs  identified  in  TcQjle  3  of  Chapter  III  remain  unchanged  and  will 
be  correlated  and  regressed  against  the  twenty-three  maintenance 
constraints  in  Tcdale  4. 

Production  Capability  Measures 

The  objective  of  research  question  1  is  to  Identify  the  existing 
measures  of  aircraft  maintenance  production  capability  in  SAC.  The 
performance  indicators  listed  in  Appendix  C  are  extracted  from  the  HQ 
SAC/LGY  Spreadsheet  and  SACP  66-17  and  are  existing  measures  of  aircraft 
maintenance  production  capability.  The  measures  arc  availcdale  for 
maintenance  managers  to  use  both  at  headquarters  and  wing  organizational 
levels.  Additionally,  the  measures  can  be  used  in  research  to  increase 
the  understanding  of  maintenance  production  capability.  A  complete  set 
of  data  for  all  performance  measures  identified  in  Appendix  C  is  not 
available  for  incorporation  into  this  research. 

KC-135A/D,/b:/C 

The  first  analysis  is  for  the  KC-135A/D/E/Q  aircraft.  The  results 
of  correlation  analysis  and  regression  modelling  for  this  aircraft 


TABLE  4 


MAIfiTENANCE  CX)NS'IWaNT  INDEPENDENT  VARIABLES 


LMELi 

Air  Aborts  AAB 
Air  Abort  Rate  AAR 
Aircraft  Breaks  ABK 
Aircraft  Break  Rate  ABR 
Aircraft  Fix  Rate  AFR 
Aircraft  Sortie  Utilization  Rate  ASU 
Average  Sortie  Duration  ASD 
Cancellations  CNX 
Cancellation  Rate  CXR 
Cannibal izat ions  CAN 
Cannibalization  Rate  CNR 
Hours  Flown  HFN 
Late  Take-Offs  LTO 
Late  Take-Off  Rate  LTR 
Manhours  Expended  MHE 
Manhours  Per  Sortie  MHS 
Manhours  Per  Flving  Hour  JIHF 
Number  Fixed  in  12  Hours  NFH 
Possessed  Aircraft  PSA 
Possessed  Hours  •  PSH 
Sorties  Attempted  SAT 
Sorties  Flown  SFN 
Sorties  Scheduled  SSD 


and  the  remaining  eight  aircraft  is  presented  and  will  answer  research 
questions  2  and  3. 

Correlation  Analysis.  The  SAS  correlation  analysis  output  is 
presented  In  Appendix  D.l.  A  summary  of  the  correlation  analysis  is 
presented  in  Table  5  and  identifies  the  coefficient  of  correlation  with 
associated  p-values  for  the  relationships  between  the  three  production 
output  and  twenty-three  naintenance  constraint  measures  that  correlated 
at  or  below  a  .05  significance  level. 
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TABLJE  5 


:CC"135A/D/E/Q  CX)RRELATION  ANALYSIS  SUMMARY 


INDEPENCSKT 


T  VARIAHLE 


MC  Rate 

TNWCS  Rate 

TNMCM  Ra 

Aircraft  Hours  Flown 

0.61229 

-0.59056 

* 

0.0153 

0,0205 

Manhours  Expended 

0.52863 

-0.51781 

* 

0.0428 

0.0480 

Possessed  Aircraft 

0.58762 

-0.56518 

0.62903 

0.0212 

0.0281 

0.0120 

Possessed  Hours 

0.53533 

* 

“0.53240 

0.0397 

0.0410 

Sorties  Attempted 

0.63840 

-0.62193 

* 

0.0104 

0.0133 

Sorties  Flown 

0.59090 

-0.56619 

* 

0.0204 

0.0278 

Sorties  Scheduled 

0.61622 

-0.62498 

* 

0.0144 

0.0127 

Aircraft  Fix  Rate 

0.66381 

-0.64096 

-0.63628 

0.0070 

0.0100 

0.0108 

Indicates  correlation 

p-value  greater 

than  0.05 

The  objective  of  research  question?}  2  and  3  Is  to  Identify  the 
maintenance  constraints  that  limit  or  enhance  production  capability  and 
to  understand  the  statistical  nature  of  the  relationships.  Using  Table 
5  as  a  reference,  the  following  is  given  as  possible  rationale  why  the 
maintenance  constraints  are  correlated  to  the  three  production  output 
measures. 
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1*  MC  Rate.  Itie  correlation  between  aircraft  hovn:s  flown,  sorties 
attempted,  sorties  flown,  and  sorties  scheduled  is  highly  significant  at 
0.0001,  Ttiis  irKiicates  the  four  measures  may  be  contributing  similar 
information  to  determining  MC  rate.  The  MC  rate  is  positively 
correlated  with  all  four  naintenar*ce  constraints.  As  aircraft  hours 
flown,  sorties  attempted,  sorties  flown,  and/or  sorties  scheduled 
increases  MC  rate  increases.  These  results  are  more  clearly  understood 
v*ien  thinking  of  MC  rate  determining  the  number  of  hours  flown,  sorties 
attempted,  flown  and  scheduled.  The  higher  the  MC  rate  the  more  time 
aircraft  are  available  for  sortie  generation.  As  MC  rate  increases 
hours  flown,  sorties  attempted,  flown  and  scheduled  increases. 

Explaining  the  correlation  in  terms  of  MC  rate  as  the  production  output, 
the  correlation  may  be  the  result  of  the  often  sighted  maintenance 
philosophy  that  the  more  the  aircraft  flies  the  less  it  breaks. 

MC  rate  is  positively  correlated  with  n«jn-hours  expended.  As  man¬ 
hours  expended  increesses  MC  rate  increases.  This  finding  reinforces  the 
idea  that  maintenance  is  labcr  intensive  and  the  production  quantity  and 
speed  at  v.+iich  aircraft  are  fixed  is  direcvly  related  to  labor  expended. 

The  correlation  between  possessed  aircraft  and  possessed  hours  is 
highly  significant  at  0.0001.  This  Ind'cates  Iioth  measures  may  be 
contributing  similar  information  to  determning  MC  rate.  Possessed 
aircraft  and  possessed  hours  are  positively  correlated  to  MC  rate,  that 
is  as  possessed  aircraft  and/or  hours  increases  MC  rate  increases. 
Initially,  this  finding  would  appear  inconsistent  with  the  MC  rate 
ratio.  With  possessed  hours  as  the  denominator  in  the  MC  rate  ratio,  it 
appears  the  correlation  should  be  negative.  As  the  denominator 
Increases,  the  rate  should  decrease.  However,  this  would  not  be  true  if 


48 


a  greater  percentage  of  increased  possessed  time  is  MC  time  rather  than 
NMC  time.  As  possessed  time  increases  the  percentage  of  MC  time 
increases.  This  may  be  supported  and  confirmed  by  the  negative 
correlation  relationship  between  TNMCM  and  TNMCS  rates  and  possessed 
aircraft  and  hours  in  Table  5.  As  the  possessed  time  increases  the 
percentage  of  NMC  time  degreases. 

Aircraft  fix  rate  is  positively  correlated  with  MC  rate.  As 
aircraft  fix  rate  increases  MC  rate  increases.  An  increase  in  aircraft 
fix  rate  means  more  aircraft  breaks  are  fixed  in  the  first  18  hours 
after  landing  which  means  more  possessed  time  is  spent  as  MC  time. 

2.  *roMCS  Rate.  The  TNMCS  rare  is  negatively  correlated  to 
aircraft  hours  flown,  sorties  atteifpted,  sorties  flown  and  sorties 
scheduled.  This  finding  supports  the  rationale  given  for  positive 
correlation  with  MC  rate.  TNMCS  time  (with  TNMCM  time)  is  the 
antithesis  of  MC  time;  as  MC  time  increases  TNMCS  (ard  TNMCM)  time 
decreases.  This  is  supported  by  the  highly  significant  negative 
correlation  between  MC  rate  and  TNMCS  and  TNMCM  rates  at  0.0001. 

Man-hours  expended  is  negatively  correlated  to  TNMCS  rate,  that  is 
as  man-hours  expended  increases  TNMCS  rate  decreases.  As  more  parts  are 
replaced  more  man-hours  are  expended  to  Install  the  parts  and  TNMCS  time 
decreases . 

HMS  rate  is  negatively  correlated  to  possessed  aircraft  but  not 
to  possessed  hours.  The  rationale  for  the  correlation  is  given  above 
under  MC  rate  correlation  with  the  exception  that  as  possessed  aircraft 
increases  percentage  of  TNMCS  time  decreases. 

Aircraft  fix  rate  is  negatively  correlated  to  TNMCS  rate.  As 
aircraft  fix  rate  increases  TNMCS  rate  decreases.  An  increase  in 
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aircraft  fix  rate  means  that  more  aircraft  are  fixed  in  the  first  .18 
hours  thereby  decreasing  the  amount  of  accumulated  TNMCS  time  on  the 
aircraft. 

3.  TNMCM  Rate.  TNMCM  rate  is  not  correlated  with  aircraft  hours 
flowH/  sorties  attempted,  sorties  flown  and  sorties  scheduled  nor  is  it 
correlated  to  man-hours  expended.  This  would  appear  contradictory  to 
the  findings  between  these  maintenance  constraints  for  MC  and  TNMCS 
rates.  The  measures  are  negatively  correlated  to  TNMCM  rate  but  at  a 
higher  p-value  than  0.05.  This  finding  nay  be  due  to  the  particular 
data  set  analyzed  rather  than  no  correlation. 

Possessed  aircraft  and  hours  are  negatively  correlated  to  the  TNMCM 
rate.  As  possessed  aircraft  or  hours  increases  ‘INMCM  rate  decreases. 
Again,  the  rationale  given  for  possessed  aircraft  and  possessed  hours 
correlation  to  MC  and  TNMCS  rate  supports  this  finding. 

Aircraft  fix  rate  is  negatively  correlated  to  TNMCM  rate.  As 
aircraft  fix  rate  increases  TNMCM  rate  decreases.  The  more  aircraft 
fixed  in  the  first  18  hours  the  less  time  the  aircraft  spends 
accumulating  TNMCM  time. 

Stepwise  Repression.  The  forward  stepwise  regression  results  tor 
the  KC-135A/D/E/Q,  as  well  as  the  remaining  aircraft  types,  will  answer 
research  question  4  as  to  which  neintenance  constraints  can  be  used  in  a 
predictive  model  of  a  maintenance  organization's  sortie  producing 
capability.  The  SAS  regression  output  is  presented  in  Appendix  E.l.  A 
suninary  of  the  forward  stepwise  regression  results  is  presented  in  Table 
6  cu^  should  be  referenced  for  the  following  discussion. 

MC  Rate  Regression  Model.  The  maintenance  constraints  that 
contribute  information  to  predicting  MC  Rate  for  the  KC-135A/D/E/Q 
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TABLE  6 


KC-135VD/E/Q  STEPWISE  REGRESSION  RESULTS 


Capable  Raitff 

Modal  Fotm 

MCR  =  38.046 

+  0.759(CXR) 

+  O.OOl(HFN) 

-  0.014(LTO) 

-  0.043(MHS) 

+  0.101  (PSA) 

+  0.243(AFR) 


TSMS  Rate 

Madal  Form 

TNMCS  =  51.326 

-  1.322(ASD) 

-  0.104 (PSA) 

+  O.OOOl(PSH) 

-  0.005(SSD) 

-  0.198(APR) 


IMcniBatfi 

Model.  JEocm 

TNMCM  =  33.944 

-  0.025(aiX) 
+  0.154(MHF) 

-  0.073 (PSA) 

-  0.117(AFR) 


Rsauare  F-Vaiue  ££2^;^: 
0.98744  104.83  0.0001 

Model  Useful  (F>F- Alpha) 
F-Alpha  Value 


(LdQ. 

0^ 

Qxia 

2.67 

3.58 

6.37 

Rsauare 

Prob>F 

0.95600 

39.11 

0.0001 

Model  Useful  (F>F-Alpha) 
F-Alpha  Value 


iLiil 

2.61 

3.48 

6.06 

Rsauare 

P-Value 

e£ol3>F 

0.92366 

30.25 

0.0001 

Model  Useful  (F>F- Alpha) 
F-Alpha  Value 

fixlQ  iLjaS  (LJll 

2.61  3.48  5.99 


*  Constraint  parameters  rounded  to  the  third  decimal  position 
(EXCEPTION:  Tl(MCS  MODEL  PSH). 


aircraft  are  cancellation  rate,  aircraft  hours  flown,  late  take-offs, 
nvan-hours  per  sortie,  possessed  aircraft,  and  aircraft  fix  rate.  The 
regression  model  is  useful  at  0.10,  0,05,  and  0.01  significance  levels. 
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The  104.83  P-value  is  greater  than  the  F-Alpha  values,  and  the  0.0001 
Prob>F  Is  less  than  the  alpha  significance  levels.  The  maintenance 
constraints  explain  98.74%  of  the  total  MC  rate  variability  as  indicated 
by  the  R-square  value. 

Three  of  the  six  naintenance  constraints  selected  for  inclusion  In 
the  model;  aircraft  hours  flown,  possessed  aircraft,  and  aircraft  fix 
rate  are  significant  at  0.0001  and  identified  during  correlation 
analysis  at  or  below  0.05.  Tlie  positive  variable  parameters  suggests  as 
aircraft  hours  flown,  possessed  aircraft,  and  aircraft  fix  rate 
increases  MC  rate  increases.  This  is  consistent  with  correlation 
analysis  findings.  The  highly  significant  probability  value*  suggests 
these  three  constraints  add  the  roost  information  to  predicting  hC  rate. 
The  cancellation  rate's  positive  parameter  increases  the  MC  rate  value. 
This  is  logical  if  the  cancellation  rate  Increase  is  due  to  reasons 
other  than  aircraft  breaks.  Late  take-offs  and  inEn-hours  per  sortie 
subtract  from  MC  rate  suggesting  that  as  these  maintenance  constraints 
increase  MC  rate  decreases.  This  is  logical  if  the  reasons  for  late 
ted^e-offs  and  increased  labor  is  due  to  aircraft  breaks. 

TNMCS  Rate  Regression  Model.  The  maintenance  constraints 
contributing  information  to  predicting  TNMCS  rate  are  aircraft  s jrtie 
duration,  possessed  aircraft,  possessed  hours,  sorties  scheduled  and 
aircraft  fix  rate.  The  TNMCS  nodel  is  useful  for  predicting  TNMCS  rate 
at  0.10,  0.05,  and  0.01  significance  levels.  The  39.11  F-value  is 
greater  than  the  F-Alpha  values,  and  the  0.0001  Prob>?  is  less  than  the 
alpha  significance  levels.  The  neintenance  constraints  explain  95.60% 
of  total  TMMCS  rate  variability  as  Indicated  oy  the  R-square  value. 
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Three  maintenance  constraints  possessed  aircraft,  sorties 
scheduled,  and  aircraft  fix  rate  are  significant  at  0.0004,  0.0001,  and 
0,0001  respectively  and  Identified  during  correlation  analysis  at  or 
below  0.05.  The  maintenance  constraint  negative  parameters  confirms  the 
relationships  found  in  correlation  analysis  that  decreasing  one  or  more 
of  the  constraints  will  increase  INMCS  rate.  Possessed  aircraft, 
sorties  scheduled,  and  aircraft  fix  rate  contribute  the  most  infortration 
to  predicting  TNMCS  rate. 

moi  Rate  Regression  Model.  Cancellations,  man-hours  per 
flying  hour,  possessed  aircraft,  awi  aircraft  fix  rate  provides 
information  to  predicting  TNMCM  rate.  The  model  is  useful  at  predicting 
TNMCM  rate  at  0.10,  0.05,  and  0.01  significance  levels.  Ttie  30.25 
B’-value  is  greater  than  the  F-Alpha  values,  and  the  0.0001  Prob>F  is 
les&  than  the  alpha  significance  levels.  The  total  'fNBOl  variability 
explained  by  the  model  is  92.37%  indicated  by  the  R-square  value. 

Two  of  the  four  maintenance  constraints;  possessed  aircraft  and 
aircraft  fix  rate  contribute  information  to  the  model  at  a  0.0001  and 
0.0009  significance  levels  respectively  and  are  negatively  correlated  at 
or  below  0.05.  Cancellations  decreases  the  TNMCM  rate  because  of  the 
negative  parameter.  This  would  be  the  case  for  cancellations  due  to 
reasons  other  than  aircraft  breaks.  One  other  maintenance  constraint 
worth  noting  is  man-houj:s  per  flyi.ig  hour.  The  man-hours  per  flying 
hour  beta  parameter  is  ipositive  adding  significantly  to  TNMCM  rate  at 
0.0002  Prob>F,  although  the  constraint  did  not  identify  during 
correlation  analysis. 

Residual  Analysis.  Residual  analysis  plots  of  all  three  model's 
predicted  values  and  maintenance  constraints  were  studied  and  appear  to 
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be  rajndora  indicating  no  need  of  further  model  inf>rovejnent .  No  other 
maintenance  constraint  configuration  will  improve  model  performance. 

Model  Validation.  The  actual  values,  predicted  values,  and 
confidence  intervals  for  the  predicted  values  c:.,)irputed  by  SAS  for  the 
six  months  validation  data  are  presented  in  Appendix  G.l.  A  summary  of 
validation  results  for  MC,  "rNMCS,  and  TNMOl  rate  models  is  presented  in 
Table  7  showing  the  actual  and  predicted  values  for  the  daces  indicated. 


TABtJE  7 

KC-135A/D/E/Q  VALIDATION  RESULTS 


Bat  4^' 


>  .■’’ate 


2JLS&J. 

Apr 

90 

83.6 

*** 

81.70 

May 

90 

86.2 

■k 

86.39 

*Jun 

90 

85.4 

83.56 

Jul 

90 

86.6 

81.44 

Aug 

90 

88.9 

kk 

87.17 

Sep 

90 

87.3 

80.22 

9.2 

12.55 

8.1  ** 

9 .  , 

10.38 

8.3 

11.9;-  ' 

11.31 

7.8 

13.04 

12 . 40 

6.5 

9.96 

9.85 

7.3 

15.^3 

..54 

*  90A  (0.10  alpha) 
**  95'k  (0,05  alpha) 
***  S9%  (0.01  alpha) 


Additionally,  asterisks  are  lased  to  Indicate  where  actual  values  are 
included  in  90%,  95%,  or  99%  confidence  intervals  for  the  predicted 
values . 

The  confidence  interval  for  the  predicted  value  indicates  the 
confidence  level  that  the  actual  value  is  within  the  specified  i.nterval. 
For  example,  a  90%  confidence  interval  for  the  predicted  value  means 
there  is  a  90%  confidence  level  the  actual  measure  of  interest  is 
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included  in  the  interval.  In  other  words,  10%  of  the  actual  values  will 
not  be  Included  in  the  interval.  An  actual  value  included  in  the 
respective  confidence  interval  validates  the  coirputed  interval  for  the 
single  observation  and  is  an  indication  of  the  accuracy  of  the  model. 

Tiiree  validation  saniples  in  the  MO  rate  model  are  not  included  in 
the  confidence  intervals  for  the  predicted  values  as  identified  by  the 
absence  of  asterisks.  May  1990,  Axagust  1990,  and  ii^rii  1990  MC  rate 
actual  values  are  Included  in  the  90%,  95%,  and  99%  confidence  intervals 
respectively.  One  TNMCS  rate  actual  value.  May  1990,  is  included  in  the 
95%  confidence  interval,  and  the  remaining  five  were  net  in  any  of  the 
three  intervals.  Three  TNMCM  rate  actual  values  cu:e  included  in  the  90% 
interval,  April-June  1990,  and  August  1990  ItlMCM  rate  is  included  in  the 
99%  confidence  interval. 

KCrl3.5B 

Correlation  Anal^rsis.  The  SAS  correlation  analysis  output  is 
presented  in  Appendix  D.2.  The  correlation  analysis  results  for  the 
KC-135R  aircraft  are  suirmarized  in  Table  8  and  should  be  referenced  for 
the  following  discussion. 

1.  MC  Rate.  The  MC  rate  is  negatively  correlated  with  average 
sortie  duration.  As  average  sortie  duration  increases  ^fC  rate 
decreases.  The  longer  the  aircraft  mission  the  longer  systems  are 
operating  giving  nalfunctions  a  broader  window  to  manifest. 

Cancellations  an!  cancellation  rate  are  highly  correlated  at  a 
0.0001  significance  level.  Both  maintenance  constraints  are  negatively 
correlated  to  MC  rate.  As  cancellations  or  cancellation  rate  increases 
MC  rate  decreases.  Cancellations  and  cancellation  rate  increases 
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TABLE  8 


KC-135R  CORRELATION  ANAI.YSIS  SUMMARY 


INDEPENDENT 

DEPENDENT  ■VARIABLE 


MC  Rate 

TNMCS  Rate 

TNMCM  Rate 

Average  Sortie  Duration 

-0.5B542 

0.0219 

* 

0.57588 

0.0247 

Cancellations 

-0.77820 

0.68762 

0.59745 

0.0006 

0.0046 

0.0187 

Cancellation  Rate 

-0.82796 

0.76346 

0.63982 

0.0001 

0.0009 

0.0102 

Late  Take-Off  Rate 

-0.51756 

0.0482 

* 

* 

Indicates  correlation  p-value  greater  than  0.05 


because  of  deviations  to  scheduled  sorties  attributed  to  one  or  a 
combination  of  higher  headquarters,  operations,  maintenance,  supply  and 
other  reasons.  If  the  cancellation  is  due  to  supply  or  maintenance, 
then  it  is  probably  due  to  broken  aircraft  causing  MC  rate  to  decrease. 

MC  rate  is  negatively  correlated  to  late  take-off  rate.  As  late 
take-off  rate  increases  MC  rate  decreases.  Again,  late  take-offs  can  be 
attributed  to  one  or  a  combination  of  reasons  cited  for  cancellations. 

If  the  reason  for  the  late  take-off  is  naterial  or  maintenance,  then 
delay  time  is  suljtracted  from  MC  time  decreasing  MC  rate. 

2.  TNMCS  Rate.  The  TNMCS  rate  is  positively  correlated  to 
cancellations  and  cancellation  rate.  As  cancellations  or  cancellation 
rate  increases  TNMCS  rate  increases.  Cancellations  chargeable  to  supply 
stem  from  supply's  inability  to  deliver  required  parts  in  time  to  fix 
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the  aircraft  and  meet  its  mission.  These  cancellations  add  to 
accianulated  aircraft  NMC  time  increasing  TNMCS  rate. 

3.  TNMCM  Rate.  Average  sortie  duration  is  positively  correlated 
to  TNMCM  rate.  As  average  sortie  duration  increase  TNMCM  rate 
increases.  This  finding  supports  the  rationale  given  for  the  positive 
correlation  between  MC  rate  and  average  sortie  duration. 

Cancellations  and  cancellation  rate  are  positively  correlated  to 
TNMCM  rate.  The  same  rationale  given  for  the  correlation  between  TNMCS 
rate  and  cancellations  and  cancellation  rate  applies.  The  exception  is 
cancellations  would  be  attributable  to  maintenance  and  not  to  deficient 
supply  support. 

Stepwise  Regression.  The  SAS  stepwise  regression  output  for  the 
KC-135R  aircraft  is  presented  in  Appendix  E.2.  The  regression  results 
of  the  three  production  output  measures. are  sunmarized  in  Table  9  and 
should  be  referenced  for  the  following  discussion. 

MC  Rate  Regression  Model.  The  MC  rate  model's  measures  of 
interest  are  good  and  indicates  the  modal  is  useful  for  predicting  MC 
rate  at  0.10,  0.05,  and  0.01  significance  levels.  The  32.36  P-value  is 
greater  than  the  F-Alpha  values,  and  the  C.OOOl  Prob>F  is  less  than  the 
alpha  significance  levels.  Tf.e  R-square  indicates  the  naintenance 
constraints  regressed;  air  aborts,  air  alxirt  rate,  cancellation  rate  and 
cannibal izat ions  explairi  92.83%  qf  total  MC  rate  variability. 

Cancellation  rate  is  the  only  maintenance  constraint  entered  into 
the  model  correlated  with  the  production  output  measure  at  or  below 
0.05,  Increasing  cancellation  rate  decreases  MC  rate.  This  is  opposite 
in  nature  to  the  cancellation  rate  correlation  with  MC  rate  identifi<sd 
in  the  KC-135A/D/E/Q  MC  rate  model.  MC  rate  \'JDuld  decrecise  if 
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TABLE  9 


KC-135R  STEPWISE  REGRESSION  RESULTS 


Wlaffiwi  fiwablfi  Bate 
Model  Form 

MCR  =  80.193 

-  0.197(AAB) 

*  0.564(ABR) 

-  3.187{C3(R) 

4-  0.063(CAN) 


MIS  Bate 

Model  Form 

■niMCS  »  3.267 

+  1.676(C3CR) 
-  0.023(CAN) 
+  0.104(MHF) 
f  0.037(AFR) 


RKqiiar«»  F-V^lue  Prob>F 

0.92828  32.36  0.0001 

Model  Useful  (F>F-Alpha) 
F-Alpha  Values 

0.10  0.05  0.01 

2.61  3.48  5.99 

Rsqiiare  F-YalWC  E!£I2t2^ 

0.93067  33.56  0.0001 

Model  Useful  (F>F-Alpha) 
F-Alpha  Values 

fiJJi  QJ3i 

2.61  3.48  5.99 


SBCH— Bstfi 

MadfiLilaaD 

TTWCM  =  14.939 

>  0.199(AAB) 

-  0.603(ABR} 
+  1.904(CXR) 

-  0.044(CAN) 


Rsduare  F-Value  Prob>F 

0.74858  7.44  0.0048 

Model  Useful  (F>F- Alpha) 
F-Ali)ha  Values 

0.10  0.05  0.01 

2.61  3.48  5.99 


*  Constraint  parameters  rounded  to  the  third  decirnal  position. 


cancellations  are  due  to  aircraft  breaks.  Of  the  four  constraints, 
caincellation  rate  possesses  the  highest  F-Statistic  and  a  significance 
level  of  0.0001  which  indicates  it  contributes  th'3  most  information  to 
the  model.  Cannibal izat ions  contribute  positively  to  the  model  at 


0.0004  oignlflcance  level.  Canniballzations  performeci  in  lieu  of 
accunulating  NMC  time  waiting  for  supply  to  fill  a  requisition  will 
increase  HC  rate.  Air  aborts  and  air  abort  rate  parameters  are  negative 
and  positive  in  nature  respectively.  This  appears  to  be  contradictory 
due  to  air  aborts  and  air  abort  rate  highly  significant  positive 
correlation  with  each  other  at  0.0001  significance. 

TNMCS  Rate  Regression  Model.  The  TNMCS  rate  model  is  useful 
at  predicting  TNMCS  rate  at  0.10,  0.05,  and  0.01  signif icarice  levels. 

The  33.56  F-value  is  greater  than  the  F-Alpha  values,  and  the  0.0001 
Prob>F  is  less  than  the  alpha  significance  levels.  Cancellation  rate, 
canniballzations,  man-hours  per  flying  hour,  and  ’Ircraft  fix  rate 
explain  93.07%  of  the  total  TNMCS  rate  variability. 

Cancellation  rate  is  highly  significant  at  0.0001  adding  to  TNMCS 
rate  with  a  positive  parameter  value.  This  is  consistent  with  the 
findings  of  correlation  analysis  and  supports  the  proposition  that  a 
portion  of  the  cancellations  are  the  result  of  aircraft  breaks  leading 
to  material  delays.  Ccuinibalizatlons  contribute  to  reducing  TNMCS  rate 
which  is  consistent  with  the  purpose  of  cannibalization  to  provide  spare 
parts  when  base  supply  is  zero  balance.  Man-hours  per  flying  hour  and 
aircraft  fix  rate  increase  TNMCS  rate  as  one  or  both  maintenance 
constraints  increase.  Man-hours  per  flying  hour  causes  an  increase  5n 
TNMCS  if  maintenance  performed  results  in  parts  back  order  conditions  on 
edrcraft.  The  aircraft  fix  rate  positive  relationship  with  TNMCS  rate 
model  is  not  logical  in  that  an  increase  in  aircraft  fix  rate  should 
decrease  TNMCS  rate. 

TNMCM  Rate  Regression  Model.  The  TNMCM  model  measures  of 
interest  deviate  significauitly  from  the  strength  of  those  shown  in  the 
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other  two  models,  although  the  model  Is  still  useful  for  predicting  the 
TNMCM  rate  at  0.10,  0.05,  and  0.01  significance  levels.  The  7.44 
F-value  is  greater  than  the  F-Alpha  values,  and  the  0.0048  Prob>F  is 
less  than  the  alpha  significance  levels.  The  R-Square  indicates  air 
aborts,  air  abort  rate,  cancellation  rate,  and  cannibal izations  explain 
74.86%  of  the  total  TNMCM  rate  variability. 

It  is  Interesting  to  note  the  four  maintenance  constraints  are  the 
same  as  those  entered  into  the  MC  rate  model  but  with  opposite  natures. 
Of  the  four  constraints,  the  cancellation  rate  is  the  most  significant 
in  contributing  to  the  model  at  0.0006.  This  is  consistent  with  the 
proposition  that  cancellations  are  the  result  of  aircraft  breaks  in 
contrast  to  other  reasons  than  maintenance  or  supply.  The  rationale 
given  for  air  aborts,  air  abort  rate,  and  cannibalizations  is  the  same 
as  that  given  in  the  MC  model  discussion  but  with  the  opposite  result  on 
the  value  of  the  production  output. 

Residual  Analysis.  The  SAS  residual  analysis  output  for  the  three 
regression  models  is  presented  in  Appendix  F.2.  The  analysis  revealed 
the  TNMCS  cate  production  output  man-hours  pet  flying  hour  produced  a 
curvature  in  the  residual  plot  Indicating  the  need  for  a  quadratic  term. 
A  summary  of  the  modified  regression  model  is  presented  in  Table  10. 

Tlie  model  continues  to  be  useful  for  predicting  TNMCS  rate  at  0,10, 

0.05,  and  0.01  significance  levels.  The  F-value  increased  to  39.11,  and 
the  Prob>F  decreased  to  0.0001.  The  R-square  improved  and  indicates 
that  the  modifiel  model  explains  95.60%  of  the  total  TNMCS  rate 
variability.  The  modified  model  appears  stronger  and  will  be  used  in 
place  of  the  original  for  model  validation. 
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TABLE  10 

KC--135H  S'WPWISE  llEGRESSION 
RESIDUAL  MODIFICATIONS 


^nacsiteite 

tls2SkL.E!2£in 

mics  =  13.213 

+  1.74£'(CXP.) 

-  0.017(CAN) 

-  0.484(KHF) 

+  0.008(SQMHF) 
+  0.035(AFR) 


Ssfluao  L-ysaJ-Ufi  £iLQ]?>j; 

0.95601  39.11  0.0001 

Model  Useful  (F>F-Mpha) 
F-Alpha  Values 

flUfl  <LiU. 

2.61  3.43  6.06 


*  Constraint  parameters  rounded  to  the  third  decimal  position; 


Model  Validation,  ll-ic  validation  result.*?  computed  by  SAS  for  the  six 
months  validation  data  are  presented  in  Appendix  G.2  A  sianmary  of  the 
validation  Is  presented  in  Table  11  and  should  ba  referenced  for  the 
following  discussion. 

The  MC  rate  actual  values  for  April  and  May  1990  are  included  In 
the  90%  and  99%  confidence  intervals  respectively.  The  remaining 
observations,  June-September  1990,  are  not  incluxled  in  any  interval. 

The  TNMCS  rate  for  April  1990  is  included  In  the  90%  confidence 
Interval,  although  the  renaining  months  are  not  included  in  any 
Interval.  Three  months  are  included  in  one  of  the  three  confidence 
Intervals  for  TNMCM  rate,  ^ril  and  May  1990  are  included  in  tha  90% 
Interval  and  June  1990  is  Included  in  the  99%  interval.  The  remaining 
months  July-Septeihber  1990  are  not  Included  in  the  Intervals - 


61 


TABLE  11 


KC-135R  miDATION  RESULTS 


MCfiate  mxs  Rate  ’OMU  Rate 


Date 

e££SL. 

actual 

Apx  90 

87.6  * 

86.04 

8.6  * 

7,82 

8.1  * 

9.66 

May  90 

86.4  *** 

89.41 

2.2 

6.45 

10.1  * 

7.77 

Jun  90 

89.3 

82.24 

6.1 

9.95 

7.6  *** 

12.51 

Jul  90 

88.5 

80.99 

6.9 

9.25 

7.9 

13.92 

Aug  90 

92.8 

83,44 

4.4 

7.09 

5.0 

12.11 

Sep  90 

92.0 

81.93 

4.8 

7.37 

4.7 

13.78 

*  90Sj  (0.10  alpha) 
**  95%  (0.05  alpha) 
***  99%  (0.01  alpha) 


Rgr3.3,^V/M. 


The  SAS  correlation  analysis  output  for  the 
RC-135V/N  aircraft  is  presented  in  Appendix  D.3.  A  suitinary  of  the 
correlation  results  is  presented  in  Table  12  for  those  maintenance 
corstraints  correlated  with  the  three  production  outputs  at  or  below 
0.05  significance. 


1.  MC  Rate.  The  MC  rate  is  not  correlated  with  any  naintenance 
constraints  tor  the  RC-135V/N  at  0.05. 

2.  TNMCS  Rate.  Possessed  hours  is  negatively  correlated  with 
TNMCS  rate,  that  is  as  possessed  hours  increase  TNMCS  rate  decreases. 

The  KC-135A/D/E/Q  MC  rate  is  positively  correlated  to  possessed  hours 
and  the  rationale  given  is  as  possessed  hours  increase  the  proportion  of 
possessed  hours  spent  as  MC  time  increases.  As  the  MC  time  increases 
TNMCS  time  decreases.  The  finding  that  TNMCS  rate  decreases  as  the 
possessed  hours  increases  supports  the  KC-135A/D/E/Q  MC  rate  finding. 
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TABLE  12 


RC-135V/N  CORRELATION  ANALYSIS  SUMMARY 

INDEPE14DENT 

VARTftffliF,  DEPENDENT  VARIABLE 

MC  Rate  TNMCS  Rate  TNMCM  Rate 

Cancellation  Rate  *  *  0.55942 

0.0301 

Possessed  Hours  *  -0.55316  * 

0.0324 

Indicates  correlation  p-value  greater  Wian  0.05 


3.  TNMCM  Rate.  The  TNMCM  rate  is  positively  correlated  to 
cancellation  rate;  as  cancellation  rate  increases  TNMCM  rate  increases. 
Reference  the  discussion  for  the  similar  KC-135R  correlation  finding. 

Stepwise  Regression,.  The  SAS  forward  stepwise  regression  output 
for  the  RC-135V/N  aircraft  is  presented  in  Ac>pendix  E.3.  The  regression 
results  for  the  three  pr<x3uction  output  measures  are  sumrerized  in  Table 
13  and  should  be  referenced  for  the  following  discussion. 

MC  Rate  Regression  Model.  The  MC  rate  regression  models' 
measures  of  Interest  at  the  0.05  and  0.01  significance  levels  indicate 
the  model  is  not  useful  for  predicting  MC  rate.  The  4.53  F-value  is 
less  than  the  F-Alpha  values,  and  the  0.0530  Prob>F  is  greater  than  the 
alpha  significance  levels.  However,  the  model  appears  to  be  useful  at 
the  0.10  significance  level  although  the  R-square  indicates  only  25.84 
percent  of  the  total  MC  rate  variability  is  attributable  to  possessed 


hours . 
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TABLE  13 


RC-135V/N  STEPWISE  REO^ESSION  RESULTS 


Model  Form 


MCR  =  -  11.032 

+  0.197(PSH) 


T»CS  Rate 

Model  Form 

TNMCS  =  80.648 

+  0.475(ABR) 

+  51.791(CNR) 
-  O.OIO(PSH) 


TMTiai  Hats 

Model  Form 


TNMCM  =  22.482 

+  0.660(CXR) 


Ksouace  giYalug 

0.2584  4.53  0.0530 

Model  Useful  (F>F-Alpha) 
F-Alpha  Values 

iLifi  Uii 

3.14  4.67  9.07 

Rsauare  F-Value  Prob>F 

0.5969  5.429  0.0155 

Model,  Useful  tF>F-Alpha) 
F-Alpha  Values 


QbdQ. 

(LSi5. 

QJil 

2.66 

3.59 

6.22 

teouare 

Prob>F 

0.3130 

5.922 

0.0301 

Model  Useful  (F>F-Alpha) 
F-Alpha  Values 

(Lm  SLfls  cuai 

3.14  4.67  9.07 


*  Constraint  parameters  rounded  to  the  third  decimal  position. 


Possessed  hours  is  the  only  maintenance  constraint  entered  in  the 
regression  iTodel  and  possesses  a  positive  parameter  value  indicating  it 


64 


adds  to  MC  rate.  Possessed  hours  did  not  Identify  during  correlation 
analysis  at  0.05  significance. 

TNMCS  Rate  Regression  Modiel.  The  TNMCS  rate  model  appears 
useful  at  0.10  and  0.05  with  aircraft  break  rate,  cannibalization  rate 
cund  possessed  hours  explaining  59.69  percent  of  the  total  TNMCS  rate 
variability.  The  5.429  F-value  is  greater  than  the  F-Alpha  values,  and 
the  0.0155  Prob>F  is  le.ss  than  the  alpha  significance  levels.  However,, 
at  0.01  alpha  significance  the  model  is  not  useful.  The  F-value  is  less 
than  F-Alpha  aurvd  Prob>F  is  greater  than  the  alpha  significance  level. 

The  positive  parameter  aircraft  break  rate  and  cannibalization  rate 
indicates  the  two  maintenance  constraints  add  to  TNMCS  rate,  and  the 
negative  possessed  hour*!,  parameter  indicates  possessed  hours  reduce 
TNMCS  rate.  Aircraft  break  rate  and  cannibalization  rate  did  not 
identify  during  correlation  although  possessed  hours  did  identify,  and 
the  constraint  parameter  relationship  nature  to  TNMCS  rate  agrees  with 
the  correlation  finding. 

TtiMCM  Rate  Recniession  Model.  The  model  is  useful  tor 
predicting  the  TNMCM  rate  at  0.10  and  0.05  significance  levels.  The 
5.922  F-value  is  greater  than  the  F-Alpha  values,  and  the  0.0301  Prob>F 
is  less  than  the  alpha  significance  levels.  The  model  is  not  useful  at 
0.01  significance  v*iere  the  F-value  is  less  than  the  F-Alpha  value. 
Cancellation  rate  explains  31.30  percent  of  the  total  'INMCM  rate 
variability  indicated  by  the  R-square  value.  Cancellation  rate  positive 
parameter  increases  TNMCM  rate  as  cancellations  increase.  This  is 
consistent  with  correlation  analysis  findings. 

Residual  Analysis.  Residual  analysis  of  the  production  output 
measures  and  the  model's  maintenance  constraints  reveals  the  TNMCS  rate 
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model  cannibalization  rata  possesses  a  concave  plot.  This  plot 
ir^icates  the  need  for  a  quadratic  term.  Additionally,,  the  TNMCM  rate 
model's  maintenance  constraint  cancellation  rate  pfjssessed  a  concave 
plot  indicating  it  also  requires  a  quadratic  term  in  the  model.  The  SAS 
residual  output  products  are  presented  in  Appendix  F.3.  A  suimary  is 
presented  in  Table  14  and  should  be  referenced  for  the  following 
discussion. 

TABLE  14 

RC-135V/N  STEPWISE  REGRESSION 
RESIDUAL  MODIFICATIONS 

TMICS  Rate  Rsrpiare  F-Value  Prob>F 

Mgdfil  FQKm  0.7367  10.261  0.0016 

TNMCS  =  117.593  Model  Useful  (F>F-Alpha) 

-  246.369(a«>  F-Alpha  Values 

+  1400. 541 (SQCNR) 


O.Oll(PSH) 

a.ii2 

£Lm 

2.66 

3.59 

6.22 

Rgqwce 

F-Value 

Prob>F 

Model  Form 

0.3860 

8.173 

0.0134 

TNMCM  =  23.974  Model  Useful  (F>F-Alpha) 

+  0.052(SQCXR)  F-Alpha  Values 

aLifl  iLJ25  flaiii 

3.14  4.67  9.07 

*  Constraint  parameters  rounded  to  the  third  decimal  position. 

TNMCS  Rate  Regression  Model.  Entering  the  (juadratic  terms  in 
the  TNMCS  and  TNMCM  rate  regression  rrcdels  improved  the  F~values, 


Prob>F,  ound  R-Squared  values.  The  TN»ir^  rate  F-value  increased  from 
5.429  to  10.261<.  and  the  Prob>F  decreased  from  0.0155  to  0.0016 
Indicating  the  mcdel  is  useful  at  predicting  the  TNMCS  rate  at  all  three 
alpha  significance  levels  including  0.01.  The  R-square  indicates  the 
model  explains  73.67%  of  the  total  TNMCS  rate  varicibility  as  opposed  to 
59.69%  previously. 

TOMCM  Rate  Regression  Model.  Initially  cancellation  rate  and 
cancellation  rate  squared  were  entered  in  the  regression  model  but  the 
global  measures  were  degraded.  Taking  the  first  degree  cancellation 
rate  term  out  of  the  model  and  leaving  the  quadratic  term  improved  the 
model  global  measures  but  failed  to  increase  the  usefulness  of  the 
mcdel.  The  F-value  increased  from  5.922  to  8.173,  and  the  Prob>F 
decreased  from  0.0301  to  0.0134.  The  R-square  value  increased  slightly 
from  0.3130  to  0.3860.  The  model  continues  to  not  be  useful  at  0.01 
alpha  significance. 

Model  Validation.  The  validation  results  computed  by  SAS  for  the 
six  months  validation  data  are  presented  in  Appendix  G.3.  A  summary  is 
presented  in  Table  15  and  should  be  referenced  for  the  following 
discussion. 

Five  observations  for  MC  rate  are  included  in  the  90%  confidence 
intervals;  April-July  1990  and  Septennber  1990.  August  1990  is  included 
in  the  95%  interval.  The  TOMCS  rate  validation  results  are  similar. 

Five  observations,  April-August  1990  are  included  in  the  90%  confidence 
interval  and  September  1990  is  in  the  95%  interval.  TNMCM  rate  results 
show  that  April  1990  is  included  in  the  95%  confidence  interval,  May- 
July  1990  is  in  the  90%  interval  and  August  1990  is  in  the  99%  interval 
for  the  predicted  value.  Studying  TcdDle  15  eind  the  SAS  output  in 
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TABLE  15 


RC-135V/N  VALIDATION  RESULTS 


Mc:  Rate  TtlMCS  Bate  TWMCM  Rate 


Date 

eie<3.t 

Pred. 

fyciaial 

Pred. 

Apr  90 

59.7  * 

A  "vO 

5  * 

34.89 

31.6  ** 

25.49 

May  90 

63.5  * 

W 

25.65 

26,3  * 

23.97 

Jun  90 

58.6  * 

33.34 

27.5  * 

35.51 

Jul  90 

66.5  * 

18.75 

27.5  * 

24.38 

Aug  90 

8C.5 

36 . ' ' . 

.  0  ■'  * 

17.80 

14.2  *** 

24.14 

Sep  90 

66.7  *■ 

67.  ;V 

^  ^  ** 

14.03 

27.1  * 

24.72 

*  90%  (0.10  alpha) 
**  95%  (0.05  alpha) 
***  99%  (0.01  alpha) 


Appendix  G.3  Indicates  the  sk  «?»-  he  RC-135V/M  models  maj 

be  a  mirage.  .The  large  it:  a:  :it  in  .-'he  data  has  caused  SAS 

to  cotrpute  l<u:ge  intervals  ..  r  v  it’iorvi.  The  large  intervals 

nake  the  models  appear  relat  /vel  *  yi  .'c  ;3  >.VTat :  l-han  actual. 


EC-135A/C/G/L/N/Y 

Correlation  Analysis.  The  SXi  cortfilation  analysis  output  is 
presented  in  Appendix  D.4.  The  correlation  analysis  results  are 
sunnarlzed  in  Table  16  and  should  be  referenced  for  the  follov^ing 
discussion. 

1.  HC  Rate.  Aircraft  break  rate  is  msgatively  correlated  with  MC 
rate.  An  Increase  in  aircraft  break  rate  results  frun  an  increased 
nunber  of  aircraft  breaks  causing  a  loss  of  HC  tlse  waiting  for  parts  or 
maintenance.  When  aircraft  break  rate  increases  MC  rate  decreases. 


68 


TABLE  16 


EC-135A/C/G/L/N/Y  CQRRELATICN 

MALYSIS  SUMMARY 

INDEPEM>ENT 

MC  Rate 

TNMCS  Rata 

TNMCM  Rate 

Aircraft  Breaks 

* 

0.64179 

0.0099 

* 

Aircraft  Break  Rate 

-0.79694 

0.0004 

0.85050 

0.0001 

0.52126 

0.0463 

Cancellation  Rate 

* 

* 

0.52566 

0.0442 

Aircraft  Hours  Flown 

0.67424 

0.0058 

-0.53333 

0.0406 

-0.65143 

0.0085 

Man-Hours  Expended 

0.78529 

0.0005 

-0.61695 

0.0143 

-0.55959 

0.0301 

Sorties  Flown 

0.70157 

0.0036 

-0.54377 

0.0361 

-0.61780 

0.0141 

Nuitber  Fixed  in  18  Hours 

-0.67129 

0.0061 

0.65039 

0.0087 

0.58603 

0.0217 

"*•*  Indicates  correlation  p-value  greater  than  0.05 


Alrcratt  hours  flown  and  sorties  flown  are  highly  correlated  at 
0,0001  significance  level.  Itiese  two  maintenaiKre  constraints  are 
collinear  and  provide  similar  information  to  determining  KC  rats.  The 
MC:  rate  is  positively  correlated  with  aircraft  hours  and  sortiies  flown. 
This  is  consistent  with  findings  for  the  KC-135V0/E/Q  aircraft  and  nay 
be  refere»iiced  for  further  understsH’ding. 

The  MC  rate  is  positively  correlated  with  iman-hmirs  expended,  that 
Is  as  ifan-hours  expended  Uxxfimisi  MC  rate  incxeaaea.  This  finding  is 
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consistent  with  the  correlation  between  nan-hours  expended  and  MC  rate 
for  the  KC-135A/D/E/Q  and  may  be  referenced  for  further  understanding. 

The  MC  rate  and  number  fixed  in  18  hours  is  negatively  correlated; 
as  the  number  fixed  in  18  hours  increases  MC  rate  decreases.  This 
finding  is  unusual  and  not  consistent  with  logical  thought.  When  the 
number  of  aircraft  fixed  in  18  hours  increases,  more  aircraft  possessed 
time  is  spent  in  MC  status  because  aircraft  are  fixed  sooner  which 
should  Increase  MC  rate.  MC  rate  is  correlated  with  an  intervening 
maintenance  constraint  aircraft  break  rate.  Aircraft  break  rate  and 
number  fixed  in  13  hours  is  highly  positive  correlated  at  0.0004 
significance.  MC  rate  is  negatively  correlated  with  nunber  fix<id  in  18 
hours  because  of  the  intervening  maintenance  constraint  break  rate;  as 
break  rate  increases,  the  number  fixed  in  16  hours  increases,  and  MC 
rate  decreases  due  to  increased  aircraft  breaks. 

2.  TWCa  Rate.  Aircraft  breaks  and  aircraft  break  rate  are 
correlated  significantly  at  0.0002  and  therefora  are  collinear  providing 
similar  information  to  determining  TNHCS  rate.  Both  aalntenance 
constraints  are  positively  correlated  to  TWCS  rate.  Urn  aircraft  breaks 
and  break  rate  increases  IWCS  increases.  This  is  consistent  with  the 
negative  correlation  between  break  rate  and  MC  rate.  When  the  number  of 
aircraft  breaks  Increases  more  aircraft  possessed  hours  are  accumulating 
NHC  time.  In  this  case,  WC  time  is  chargeable  to  supply  which  means 
that  aircraft  are  accumilating  TMMCS  time  waiting  for  parts. 

As  is  discussed  for  MC  rate,  aircraft  hours  flown  and  sorties  flown 
are  collinear  and  both  constraints  are  negatively  correlated  to  Times 
rate.  Itiis  is  consistent  with  the  findings  for  the  MC  rate  correlation 
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with  these  constraints.  The  rationale  given  in  the  MC  rate  discussion 
is  applicable  with  the  exception  of  opposite  correlation  nature. 

The  TNMCS  rate  is  negatively  correlated  with  roan-hours  expended. 

As  raan-hours  expended  increases  TNMCS  rate  decreases.  This  finding  is 
consistent  with  TNMCS  rate  and  roan-hoiurs  expended  correlation  identified 
for  the  KC-135A/D/E/Q  and  may  be  referenced  for  further  understanding. 

Ttie  number  fixed  in  18  hours  and  ItJMCS  rate  are  positively 
correlated;  as  the  numbei:  fixed  in  18  hours  increases  TNMCS  rate 
increases.  The  intervening  maintenance  constraint  break  rate  causes  the 
TtMCS  rate  to  increase.  The  fact  that  TNMCS  rate  is  increasing 
indic:ates  a  portion  of  aircraft  breaks  are  due  to  material  failure  arid 
the  Simply  systems  inability  to  Imnediately  provide  parts. 

tlfPl  tote.  *Ihe  tNCM  rate  is  positively  correlated  with 
aircraft  break  cate.  As  aircraft  break  rate  increases  TMCM  rate 
increases.  Increasing  the  nusfcwr  of  aircraft  breaks  increases  the 
aircraft  acctasilated  WC  tise. 

CSrkDellatian  rate  is  positively  correlated  with  TNMCM  rate;  as 
cenceilation  rate  increases  TWCM  rate  iranreascs.  Ihis  would  be  the; 
esse  fee  cmcc  list  ions  resulting  from  aircraft  breaks  rather  than 
nonMintecMnce  conditions. 

Aircraft  houss  fXoen  and  sorties  flown  are  collinear  providing 
similar  inforsHition  Cor  determining  TNHCM  rate.  These  maintenance 
constraints  are  negatively  correlated  vdth  TNMOt  rate.  M  aircraft 
hours  flo%«)  and  sorties  Clown  Increases  tftCM  rate  decreases.  The  same 
ratl<xiale  for  aircraft  hours  and  sorties  flow)  correlation  with  MC  rate 
appliM  to  TNMLM  rate  with  the  exception  of  opfosite  correlation  nature. 
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Man-hours  expended  Is  negatively  correlated  with  TNMCM  rate 
indicating  that  increasing  man-hours  expended  decreases  TMMOl  rate. 
Again,  this  appears  to  suj^rt  the  idea  that  maintenarK;e  is  labor 
intensive. 

*nt01  rate  is  positively  correlated  with  number  of  aircraft  fixed 
in  18  hours,  that  is  as  number  fixed  in  18  hours  increases  TTMX  rate 
increases.  The  IMMCS  rate  rationale  given  for  the  intervening 
maintenance  constraint  break  rate  applies  to  TNMCM  rate. 

Stepwise  Regression,  The  SAS  stepwise  regression  output  for  the 
BC-135A/C/G/L/N/y  aircraft  is  presented  in  Appendix  E.4.  A  sunnary 
appears  in  Table  17  and  should  be  referenced  for  the  following 
discussion. 

MC  Rate  Regression  Model.  The  model  is  useful  for  predicting 
MC  rate  at  0.10,  0.05,  and  0.01  significance  levels.  The  15.10  F-value 
is  greater  than  the  F-Alpha  values,  and  the  0.0003  Frob>F  is  less  than 
the  alpha  significance  levels.  Cannibalization  rate,  aircraft  hours 
flovn,  man-hours  per  sortie,  number  fixed  .’n  18  hours  explain  85.79%  of 
the  total  MC  rate  variability. 

Cannibalization  rate  and  man-hours  per  sortie  did  not  identify 
during  correlation  analysis  although  contribute  positively  to  the  model 
as  indicated  by  positive  parameter  values.  Aircraft  hours  flown 
identified  during  correlation  analysis  as  being  positively  correlated 
with  MC  rate.  The  maintenance  constraint  increases  the  MC  rate  model 
value  by  virtue  of  the  positive  parameter. 

The  regression  entered  the  number  fixed  in  18  hours  which  is 
consistent  with  the  correlation  findings  that  as  the  naintenaxice 
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TABLE  17 


E3C-135A/C/GAi/M/Y  STEPWISE  REGRESSION  RESULTS 


Model  Eonu 

MCR  =  -  77.815 

*  ei.846(CNR) 
+  0.069(HFK) 

-t-  0.268(MHS) 
-  0.218(NFH) 


‘BMCS  Rate 

UQs2fil_Fj3m 

TOMCS  *  -  0.998 

*■  0.532(ABR) 


■nMOi  Rate 

Model  fQCB 

■nWCM  *  36.667 

-  0.023(HFN) 
+  0.277(NFHI 


Rsouarfi  F-Yalae  Pxafa^i: 

0,85794  15.10  0.0003 

Mtxlel  Useful  (F>F -Alpha) 
F-Alpha  Values 

£Lia  QJiSL  (LiUL 

2.61  3.48  5.99 

E^Yialufi  Pi,at?>F 

0.72335  33.99  0,0001 

Model  Useful  (F>F- Alpha) 
F-Alpha  Values 

Q.IQ  0.Q5  0.01 

3.14  4.67  9.07 

Raqwflge  F-Yhlac  eifib2£ 

0.6i079  9.42  0.0035 

Model  Useful  {F>F- Alpha) 
F-Alpha  values 

iLIfi  (MU 

2.81  3.89  6.93 


*  Constraint  paraneters  rounded  to  the  third  decimal  position. 


constraint  increases  MC  rate  decreases.  The  Intervening  constraint 
break  rate  appears  to  best  explain  this  observation. 

TTtes  Rate  Rt^resaion  Model.  The  measures  of  Interest 
Indicate  the  model  is  useful  for  predicting  TMMCS  rate  at  0.10,  0.05, 
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and  0.01  significance  levels.  The  33.99  F-value  is  greater  them  the 
F-Alptta  values,  and  the  0.0001  Prob>F  is  less  than  the  alpha 
significance  levels.  The  R-square  indicates  that  aircraft  break  rate 
explains  72.34\  of  the  total  TWCS  rate  variability. 

Aircraft  break  rate  identified  during  correlation  analysis 
significantly  at  0.0001.  This  finding  Indicates  aircraft  break  rate 
contributes  significantly  to  detemtinlng  TMHCM  rate. 

■neCM  Rate  Regression  Hodel.  The  regression  model  is  useful 
for  predicting  TWm  rate  at  0.10,  0.05,  and  0.01  significance  levels. 
The  9.42  F-value  is  greater  than  the  F-Alpha  values,  and  the  0.0035 
Prob>P  is  less  than  the  alpha  significance  levels.  Aircraft  hours  flown 
and  nunber  fixed  in  18  hours  explains  61.08%  of  the  total  TMOl  rate 
variability  as  indicated  the  R-square  value. 

Aircraft  hours  flown  and  nunber  fixed  in  18-  hours  contribute  to 
predicting  TNMC3H  rate  with  aircraft  hours  flown  subtracting  from  TMMCM 
rate  and  nunber  fixed  in  18  hours  adding  to  TMMCM  rate.  This  finding  is 
consistent  with  the  MC  rate  model  where  the  MC  rate  model  included 
aircraft  hours  flown  and  nunber  fixed  in  18  hours  but  with  opposite 
parameter  natures. 

Residual  Analysis.  Residual  amalysis  plots  of  all  three  model's 
predicted  value  and  naintenance  constraints  were  studied  and  appear  to 
be  random  Indicating  the  model  cannot  be  iniproved  usirg  quadratic 
maintenance  constraints. 

Model  Validation.  The  validation  results  cooputed  by  SAEi  for  the 
six  months  validation  data  are  presented  in  Appendix  G.4.  Reference  the 
sumnary  presented  in  Table  18  for  the  following  discussion. 
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TABLE  18 


BC-135A/C/G/L/N/Y  VALIDATION  RESULTS 


HC  Bate 


QB&S. 

Apr  90 

59.3  * 

55.61 

May  90 

70.2  * 

69.76 

Jun  9C 

71.6  » 

63.29 

Jul  90 

66.3  ** 

56.53 

Aug  90 

74.1 

36.31 

Sep  90 

76.0  *** 

12.97 

•ntieg  Rate  mfCH  safes 


Pred. 

EISSL. 

20.7  *** 

30.43 

31.0  * 

31.05 

16.0  *** 

22.40 

23.0  * 

24.04 

16.2  * 

15.22 

20.7  * 

21.06 

16.3  * 

19.10 

23.8  * 

25.99 

17.0  * 

15.97 

17.1  »* 

28.73 

17.6  * 

13.09 

15.5  * 

28.07 

*  90\  (0.10  alpha) 
**  95%  (0.05  alpha) 
***  99%  (0.01  alpha) 


‘Ihe  MC  rate  observations  Included  in  the  90%  confidence  intervals 
are  Aprll-June  1990,  In  the  95%  interval  is  July  1990,  and  in  the  99% 
interval  is  September  1990.  August  1990  is  not  iivrluded  in  any  of  the 
three  confidence  intervals.  The  observations  for  the  TWCS  rate 
included  in  the  90%  confidence  interval  are  Jun<i-September  1990,  and 
Api’il  and  May  1990  are  in  the  99%  interval.  The  TfMCM  rate  validations 
included  April-July  1390  and  September  .1990  in  the  90%  confidence 
intervals,  and  August  1990  is  in  the  95%  interval.  Examining  Table  18 
shows  that  some  of  the  observations  that  are  Included  in  a  confidence 
interval  possess  a  large  delta  betwemn  tike  actual  and  predicted  values. 

Correlation  Analysis.  The  SAS  correlation  analysis  output  is 
presented  in  Append  D.5.  A  summary  of  the  correlation  results  is 
presented  in  Table  19  and  should  be  refer encecl  for  the  following 
discussion. 
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TABLE  19 


E-4B  CXPRELATION  ANALYSIS  SUMMARY 


IMDEPERDEMT 

VM?TA7g.R 


DEPK 


Lmim£ 


MC  Rate  TNMCS  Rate  TNMCM  Rate 


Possessed  Aircraft 


*  *  -0.52495 

0.0445 


Possessed  Hours 


*  *  -0.55553 

0.0316 


Indicates  correlation  p-value  greater  than  .05 


1.  TNMCM  tote.  The  MC  and  TNMCS  rates  failed  to  correlate  with  any 
maintenance  constraints  at  0.05  significance  level.  The  TNMCM  rate  is 
negatively  correlated  with  possessed  aircraft  and  possessed  hours; • as 
one  or  both  maintenance  constraints  increase  TNMCM  rate  decreases.  As 
possessed  time  increases  percentage  of  NMC  time  decreases.  Tills  is 
initially  presented  in  the  discussion  of  MC  rate  correlation  for  the 
KC-135VD/fyu  and  can  be  reviewed  for  further  understanding. 

Stepwise  Regression.  The  SAS  forvard  stepwise  regression  output 
for  the  E-4B  aircraft  is  presented  in  Appendix  E.5.  A  sunmary  of  the 
regression  results  aqppears  in  Table  20  and  should  be  referenced  for  the 
foll(r«ring  discussion. 

MC  RatftJReqieagiQn  Model.  The  model  is  useful  lor  predicting 
MC  rate  at  0.10  and  0.05  significance  levels.  The  5.22  F-value  is 
greater  than  the  F-Alpha  values,  and  the  0.0156  Prob>F  is  less  than  the 
alpha  significance  levels.  However,  the  model  is  not  useful  at  0.0.1  due 
to  the  F-value  being  less  than  the  F-Alpha,  and  the  Prob>F  being  greater 
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TABLE  20 


E-4B  STEPWISE  REGRESSION  RESULTS 


WL*^ion  C?ii»Dable  Rate 

Model  Form 

MCR  =  -  9.708 

+  11.597(ASD) 

-  O.OOKMHE) 

+  0.953(SFN) 

+  0.208(APR) 


Rsouare  ErValye 

0.67619  5.22  0.0156 

Model  Useful  (F>F- Alpha) 
F-Alpha  Values 

0.10  0.05  iLIil 

2.61  3.48  5.99 


LBatfi 


Model  Form 


Rscrtjare  E-Yalas  Pto)?.^.! 
0.40410  4.08  0.0444 


TNMCS  =  -  8.970  Model  Useful  (F>F-Alpha) 

+  0.447(LTR)  F-Alpha  Values 

+  0.185(MHF) 


0.10 

(LSi5. 

suai 

• 

2.81 

3.89 

6.93 

TWn<  Rate 

Raquare 

F-Value 

Prob>F 

Model  Faum 

0.44769 

4.86 

0.0284 

TWUCM  =  79.660  Model  Useful  (F>F -Alpha) 

-  0.022(PSH)  P-Alpha  Values 

-  0.131(NFH) 

iLlfi  iLIiS  (LSll 


2.81  3.89  6.93 


*  Constraint  parameters  rounded  to  the  third  decimal  position. 


than  the  alpha  significance  level.  The  R-square  Indicates  average 
sortie  duration^  man-hours  expended,  sorties  flown,  and  fix  rate  explain 
67.62%  of  MC  rate  total  variability. 


Average  sortie  duration,  sorties  flovm,  and  aircraft  fix  rate  add 
to  MC  rate  by  virtue  of  positive  parameter  values.  Man-hours  expended, 
on  the  other  hand,  reduces  MC  rate  by  virtue  of  a  negative  parameter 
value.  None  of  the  four  maintenance  constraints  identified  during 
correlation  analysis. 


TOMCS  Rate  Regression  Model.  Late  take-off  rate  and  man-hours 
per  flying  hour  contribute  information  to  predicting  TNMCG  rate.  The 
model  is  useful  at  0.10  and  0.05  significance  levels.  The  4.08  F-value 
is  greater  than  the  F-Alpha  values,  and  the  0.0444  Prob>F  is  less  than 
the  alpha  significance  levels.  The  model  is  not  useful  at  0.01 
significance  level  where  the  F-value  is  less  than  the  F-Alpha  value,  ard 
the  Prob>F  is  greater  than  the  alpha  significance  level.  The  R-square 
indicates  the  maintenance  constraints  explain  40.50%  of  TNMCS  rate  total 
variability. 

Late  take-off  rate  and  man-hours  per  flying  hour  possess  positive 
parameters  which  adds  to  TNMCS  rate.  As  either  maintenance  co»*straint 
increases,  TNMCS  rate  increases.  Neither  constraint  identlflecl  during 
correlation  analysis. 


Rate  Regression  Model.  The  model  is  useful  for 
predicting  TNMCM  rate  at  0.10  and  0.05  significance  levels.  The  4.86 
P-value  is  greater  than  the  F-Alpha  values,  and  the  0.0284  Prob>F  is 
less  than  the  alpha  significance  levels.  Possessed  hours  and  aircraft 
fix  rate  explain  44.77%.  of  TNMCM  rate  total  vcu:iertJility  as  indicated  by 
the  R-square  value. 

Possessed  hours  arid  aircraft  fix  rate  reduces  TNMCM  rate  by  virtue 
of  the  negative  parameter  values.  As  either  maintenance  constraint 
IrKrreases  TNMCM  rate  decreases.  The  two  maintenance  constraints 
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identified  during  correlation  analysis  when  the  nature  of  the 
relationship  is  also  nec/ative. 

Residual  Analysis.  Residual  analysis  plots  of  all  three  model's 
predicted  value  and  maintenance  constraints  were  studied  and  appear  to 
be  random  indicating  the  model  cannot  be  improved  further  using  the 
available  maintenance  constraints.  No  other  configuration  of  variables 
will  improve  model  performance. 

Model.  Validation.  The  validation  results  computed  by  SAS  for  the 
six  months  validation  data  are  presented  in  Appertdix  G.5.  A  sumnary  is 
presented  in  Table  21  and  should  be  referenced  for  the  following 
discussion. 

TABLE  21 

E-4B  VALIDATION  RESULTS 


!ntX2S.JBajt£  TWCM  Pate 


^tual 

Actual 

Pred,. 

figtUflA 

Pred, 

Apr  90 

75.1  *** 

93.05 

10.0  * 

2.45 

24.8  ** 

7.94 

May  90 

76.0  * 

68,63 

0.8  * 

2.55 

23,8  * 

20.03 

Jun  90 

72.5  * 

63.78 

0.0  * 

3.83 

27.5  * 

25.90 

Jul  90 

79.5  * 

60.75 

10.1  * 

3.83 

10.8  * 

17.66 

Aug  90 

62.5  * 

74.40 

19.2  ** 

3.95 

29.7  * 

22.35 

Sep  90 

75.6  * 

82.95 

10.3  * 

-2.23 

24,4  * 

17.28 

*  90%  (0.10  alpha) 
**  95%  (0.05  alpha) 
***  98%  (0.01  alpha) 


The  MC  rate  for  April  1990  is  incli  ded  in  the  99%  confidence 
interval^  and  the  MC  rate  observations  for  May-September  1990  are 
included  in  the  90%  interval.  Five  of  the  TWIGS  rate  observations. 
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Ajir.ll~July  1990  and  SepteHiber  1990  are  iriclvx3eci  In  the  90%  conf  idence 
Interval^  and  the  observation  for  Aiagiast  1990  is  included  in  the  95% 
interval.  The  TOMOfi  rate  observations  for  May-Septernber  1990  are  in  the 
90%  confidence  interval  and  April  1990  is  included  in  the  95%  interval. 
Note  some  of  the  deltas  between  the  actual  and  predicted  values  are 
large.  For  Exarnple,  the  TNMCS  rate  observation  for  September • 1990 
possesses  a  12  point  difference  between  actual  and  predicted  values. 

izia 

Correlation  Analysis.  The  B-IB  SAS  correlation  analysis  output  is 
presented  in  Appendix  D.6.  A  sumnary  of  the  results  is  presented  in 
Table  22  and  should  be  referenced  for  the  following  discussion. 

TABLE  22 

B-IB  CORRELATIOJ  ANALYSIS  SUMMARY 


INOBPENOENT 

VARIABLE 

Aircraft  Break  Rate 


MC  Rate  TNMCS  Rate 

*  * 


TNMCM  Rate 

0.53185 

0.0413 


Indicates  correlation  p-value  greater  than  0.05 


1.  TNMCM  Rate.  There  are  no  maintenance  constraints  that 
correlate  with  MC  eind  TRiMCS  rate  at  0.05  significance  level.  Aircraft 
break  rate  correlates  positively  with  INMCM  rate.  aircraft  break 
rate  increases  TNMCM  rate  increases.  A  similar  discussion  for  this 
correlation  is  presented  for  the  BC-135A/C/G/L.‘N/Y  MC  rate.  As  the 
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number  of  aircraft  breaks  increcises  more  aircraft  possessed  time  is 
spent  as  TNMCM  time  increasing  TNMCM  rate.  The  B-IB  MC  rate  is  not 
negatively  correlated  at  0.05  significance  level  as  expected  and  as  is 
the  case  with  the  EC-135  aircraft,  although,  the  B-IB  MC  rate  is 
negatively  correlated  at  0.0618. 

Stepwise  Regression.  The  SAS  regression  models  for  the  B-IB 
aircraft  are  presented  in  Appendix  E.6.  The  stepwise  regression  results 
are  sunroarized  in  Table  23  and  should  be  referenced  for  the  following 
discussion. 

MC  Rate  Regression  Model.  The  MC  rate  regression  model  is 
useful  for  predicting  MC  rate  at  0.10  and  0.05  significance  levels.  The 
3.89  F-value  is  greater  than  the  F-Alpha,  and  the  0.0371  Prob>F  is  less 
than  the  alpha  significance  levels.  However,  the  F-value  is  less  than 
the  F-Alpha,  and  the  Prob>F  is  greater  than  the  alpha  significance  level 
indicating  the  model  is  not  useful  at  0.01  significance.  The  R~square 
indicates  60.66%  of  the  total  MC  rate  variability  is  explained  by 
aircraft  break  cate,  cancellations,  late  take-off  rate,  and  number  fixed 
in  18  hours.  The  model  is  not  useful  for  predicting  MC  rate  at  0.01 
level  of  significance  due  to  the  F-value  less  than  the  F-Alpha,  and  the 
Prob>F  is  greater  tlian  the  alpha  significance  level. 

Aircraft  break  rate  and  cancellations  reduce  MC  rate.  The  negative 
parameter  caiases  MC  rate  to  decrease  when  either  of  the'naintenance 
constraints  increase.  However,  v4'ie‘i  either  late  take-off  rate  or  number 
fixed  in  18  hours  increases  MC  rate  increases  as  a  result  of  the 
constraint  positive  parameters.  None  of  the  four  nvilrteriance 
constraints  identified  during  correlation  analysis. 
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TJVBLE  23 


B-IB  STEPWISE  REGRESSION  RESULTS 


Miaalon 


Rsauare  F-Value  Prob>F 


0.60860  3.89  0.0371 


MCR  =  48.762 

-  0.500(ABR) 

-  0.099(CNX) 
+  0.797(L'IR) 
+  0.086(NFH) 


Model  Useful  (F>F- Alpha) 
F-Alpha  Value 

CLlfiL  QrflS- 

2.16  3.48  5.99 


TMca.Bate 

Model  Form 

TNMCS  =  39.940 

-  O.OIO(CAN) 


Rsouare  F-Value  Prob>F 

0.16579  2.58  0.1320 

Model  useful  (F>F- Alpha) 
F-Alpha  Value 

Q.IQ.  0..Q1. 


T!i4ai  Rate 

Model  Form 

TOMm  =  13.669 

0.456(ABR) 


3.14  4.67  9.07 

Rsouare  F-V&lue  Prob>F 

0.20286  5.13  0.0413 

Model  Useful  (F>F- Alpha) 
F- Alpha  '/alue 

Q.IQ  aj2S_  Ol 

3.14  4.67  9.07 


*  Constraint  parameters  rounded  to  the  third  decimal  position. 


TNMCS  Rate  ReqreMtnn  Model.  The  TNMCM  rate  model  l3  not 
useful  at  predicting  IMHCS  rate  at  0.10,  0.05,  and  0.01  significance. 
At  all  three  significance  levels,  the  F-value  is  less  than  the  F-Alplii* 
values,  and  the  Prob>F  Is  greater  than  the  alpha  significance  levels. 
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In  addition,  the  model  explains  only  16.53%  of  the  total  variability  in 
IWMCS  rate  is  explained  by  cannibal izat ions. 


Rate  Regression  Model.  The  I’NMOl  rate  model  is  not 
tjseful  for  predicting  TNMCM  rate  at  0.01  level  of  significance.  The 
5.13  F-value  is  less  than  the  F~Alpha,  and  the  0.0413  Prob>F  is  greater 
than  the  alpha  significance  level.  The  model  is  useful  at  0.10  atv3  0.05 
level  of  significance.  The  F-value  is  greater  thaun  the  F--Alpha  values, 
and  the  Prob>F  is  less  than  the  alpha  significance  levels.  The  R-square 
indicates  that  28.29%  of  TWMCM  rate  variability  is  explained  by  aircraft 
break  rate. 


Residual  Analysis.  Residual  plots  were  studied  and.  indicate  the 
models  selected  through  stepwise  regression  cannot  be  improved  by  the 
addition  of  a  quadratic  maintenance  consjtraint  term. 

Model  Validat^ion.  The  validation  results  computed  by  SAS  for  the 
six  months  validation  data  are  presented  in  A{pendix  G.6.  A  sutmvary  of 
the  results  is  presented  in  Table  24  and  should  be  referenced  for  the 
following  discussion. 

The  MC  rate  90%  confidence  Interval  includes  observations  for  June 
1990  and  August-Septeinber  1990,  and  the  99%  Interval  includes  July  1990. 
Apxil-May  1990  are  not  included  in  any  of  the  intervals.  The  TNMCS  rate 
Septembcir  1990  observation  Is  included  in  the  99%  confidence  interval, 
but  April  1990  through  Augi'ist  1990  are  not  Inclucled  in  any  one  of  the 
three  intervals.  The  TM4CM  rate  observations  for  April  1990  and  June- 
September  1990  isre  in  the  90%  confidence  interval,  and  May  1990  is  in 
the  99%  interval. 
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TABLE  24 

B-IB  VALIDATION  RESULTS 


MC  Rate 


Rate 


TMMCM  Rate 


Date 

Actual 

Actual 

P-red. 

PC^, 

Apr  90 

59.2 

51.48 

28.6 

36.62 

24.1  * 

27.26 

May  90 

62.2 

49.53 

26.3 

36.12 

19.5  *** 

28.81 

Jun  90 

56.3  * 

55.47 

29.6 

36.02 

25.6  * 

26.35 

Jul  90 

53.0  *** 

52.21 

28.7 

37.62 

22.1  * 

27.81 

Aug  90 

56.7  * 

53.55 

30.1 

35.94 

22.9  * 

28.63 

Sep  90 

57.9 

53.92 

30.8  *** 

35.51 

20.6  * 

25.35 

*  90%  (0.10  alpha) 
**  95%  (0.05  alpha) 
***  99%  (0.01  alpha) 


C:orrelation  Analysis.  The  SAS  correlation  analysis  output  products 
are  presented  in  Appendix  0.7.  A  simnary  of  the  correlation  analysis  Is 
presented  in  Table  25  and  should  be  referenced  for  the  following 
discussion. 


TABLE  25 

B-52H  OORREUiTION  ANALYSIS  SUMMARY 


INDEPENDENT 

Va^TABlJ; 


Aircraft  Fix  Rate 


QEBl 


VARIftK^E 


MC  Rate  TNMCS  Rate  TNMCM  Rate 


0.58944  -0.54256  * 

0.0208  0.0366 


Indicates  correlation  p-value  greater  than  0.05 


1.  MC  Rate.  Aircraft  fix  rate  is  positively  correlated  with  MC 
rate  at  0.05  significance  level.  As  the  aircraft  fix  rate  increases  MC 
rate  increases.  An  increase  in  aircraft  fix  rate  indicates  that  more 
aircraft  breaks  are  fixed  in  the  first  18  hours  after  landing.  Which 
also  indicates  as  the  aircraft  fix  rate  increases  more  possessed  time  is 
spent  as  MC  time. 

2.  IMMCS  Rate.  Aircraft  fix  rate  is  negatively  correlated  to 
TNMCS  rate.  As  aircraft  fix  rate  increases  TNMCS  rate  decreases.  This 
indicates  the  supply  systems  ability  to  quickly  deliver  parts  decreases 
the  amount  of  time  an  aircraft  spends  NMC. 

Stepwise  Regression.  The  SAS  stepwise  regression  output  is 
presented  in  Appendiix  E.7.  The  regression  results  cure  summarized  in 
Table  26  for  the  three  production  output  measures. 

MC  Rate  Regression  Model.  At  0.1-0  and  0.05  significance 
levels,  the  model  appears  useful  for  predicting  MC  rate.  The  6.92 
F-value  is  greater  than  the  F-Alpha  values  as  well  as  the  0.0208  Prob>F 
is  less  than  the  alpha  significance  levels.  The  R-square  indicates 
aircraft  fix  rate  explains  34.74%  of  the  total  MC  rate  variability.  The 
model  is  not  useful  at  0.01.  The  F-value  is  less  than  F~A].pha,  and 
Prob>F  is  greater  than  the  alpha  level. 

Aircraft  fix  rate  is  entered  in  the  ;Tcdel  as  a  positive  pairameter 
v4iich  Indicates  MC  rate  increases  as  aircraft  fix  rate  increases.  This 
is  consistent  with  correlation  amalysis  findings  presented  earlier. 

TWiCS  Rate  Regression  Model.  The  TNMCS  rate  model  is  useful 
at  0.10  and  0.05  significance  levels.  The  5.96  F-value  is  greater  than 
the  F-Alpha  values,  and  the  0.0115  Prob>F  is  l€*ss  than  the  alpha 
significance  levels.  Late  take-offs,  nan-hours  expended  and  aircraft 
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TABLE  26 


B-52H  ST0?WISE  RECa^lSSION  RESULTS 


Miaaifln-fiapablg  tete 

Model  Form 

MCR  ==  53.666 

+  0.252(AFR) 


TWCS  Rate 
Mfxiel  Form 

TNMCS  =  51.698 

-  0.096(LTO) 

-  0.00007(MHE) 

-  0.356(AFR) 


Model  Form 

TNMCM  =  15.864 

+  0.109(CNX) 


Rsqueuce  E.-yalwie  Prob>F 

0.34744  6.92  0,0208 

Model  Useful  (F>F-Alpha) 
F-Alphd  Value 

(LIQ .  flx.Q5-  £LQJL 

3.14  4.67  9.07 

Rsouare  F-Value  Pt:o.b>F. 

0.61927  5.96  0.0115 

Model  Useful  (F>F-Alpha) 
F-Alpha  Value 

a.aQ._ 

2.66  3.59  6.22 

Rsouare  F-Value  Prob>F 

0.17855  2.83  0.1166 

Model  Useful  (F>F- Alpha) 
F-Alpha  Value 

aUO  Q.Q5  iUfiL. 

3.14  4.67  9.07 


*  Constraint  parameters  rounded  to  the  third  decimal  position 
(exception:  The  TNMCS  model  MHE  constraint). 


fix  rate  explain  61.93%  of  the  total  TNMCS  rate  variability.  The  TNMCS 
rate  model  is  not  useful  at  the  0.01  significance  level.  The  F-value  is 
less  than  F-Alpha,  and  Prob>F  is  greater  than  alpha  significance  level. 
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Three  maintenance  constraints  late  take-offs,  man-hours  expencled 
and  aircraft  fix  rate  are  entered  in  the  j?todel.  All  three  maintenance 
constraints  possess  negative  parameters  which  subtract  from  TNMCS  rate. 
As  late  take-offs  increase  TN14CS  rate  decreases.  This  finding  is  not 
consistent  with  MC  rate  correlation  analysis  found  for  the  KC-135R 
aircraft.  For  the  KC-135R,  the  MC  rate  is  negatively  correlated  to  late 
take-off  rate.  For  the  findings  to  be  consistent,  the  B-52H  IWMCS  rate 
would  be  positively  correlated  to  the  late  take-off  rate.  The  man-hours 
expended  and  aircraft  fix  rate  negative  parameters  are  consistent  with 
previous  findings  for  other  aircraft. 


Rate  Regression  Model.  The  TNMCM  rate  model  is  not 
useful  for  predicting  TNMCM  rate  at  all  three  significance  levels.  The 
2.83  F-value  is  less  than  the  F-Alpha  values,  and  the  0.1166  Prob>F  is 
'greater  than  alpha  significance  levels.  The  R-square  indicates 
cancellations  only  explain  17.86%  of  the  total  ITIMCM  rate  variability. 

Residual  Analysis.  Residual  plots  were  studied  and  indicate  the 
models  cannot  be  improved  through  the  use  of  a  quadratic  maintenance 
constraint  term.  None  of  the  plots  indicate  a  curvature  in  the  residual 
data. 


Model  Validation.  The  validation  results  computed  by  SAS  for  the 
six  months  validation  data  are  presented  in  Appendix  G.7.  A  suimary  of 
the  results  is  presented  in  Table  27. 

The  MC  rate  90%  confidence  interval  inclixles  all  observations 
April-Septejriber  1990.  Tiie  TNMCS  rate  observations  for  April-July  1990 
are  Included  in  the  90%  confidence  interval,  and  the  August  and 
September  1990  observations  are  in  the  99%  and  95%  confidence  intervals 
respectively.  The  rate  observations  for  April  1990  and 
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TABLE  27 


B-52H  VALIDATION  RESULTS 


MC  Rate 


sacs 


TMMCM  Rate 


Date 

Actual 

EiCSdi. 

Apr  90 

79.2  * 

79.13 

May  90 

82.0  * 

79.26 

Jun  90 

80.9  * 

80.77 

Jul  90 

78.6  * 

79.1.3 

Aug  90 

76.7  * 

75.58 

Sep  90 

81.8  * 

79.12 

Pred. 

Pred. 

11.4  * 

9.24 

16.6 

* 

17.07 

9.3  * 

10.49 

14.4 

** 

17.40 

8.5  * 

9.20 

16.6 

* 

17.51 

11.4  * 

11.32 

17.5 

* 

17.18 

11.9  **=* 

15.99 

17.4 

* 

17.94 

10.5  ** 

14.85 

14.3 

* 

16.63 

*  90%  (0.10  alpha} 
**'  95%  (0.05  alpha) 
***  99%  (0.01  alpha) 


June-September  1990  are  in  the  90%  confidence  interval,  and  May  1990  is 
in  the  95%  interval. 

BzSlS 

CQItfilatlaP ..anaLvala ..  The  SAS  correlation  analysis  output  prodUv-ts 
are  presented  in  Appendix  D.8.  The  correlation  results  summarized  in 
Tables  28  and  29  should  be  referenced  for  the  following  discussion. 

1-  Mc:  Rate.  Aircraft  breaks  and  aircraft  break  rate  are 
positively  correlated  at  0.0001  significance  level  v*ilch  Indicates  the 
maintenance  constraints  are  collinear  providing  similar  information  to 
MC  rate.  The  aircraft  breaks  and  break  rate  are  negatively  correlated 
to  MC  rate.  As  the  number  of  aircraft  breaks  and  break  rate  incre^lses 
MC  rate  de^nreases.  As  discussed  previously  for  the  EC-135,  aircraft 
breaks  and  break  rate  increases  causing  more  aircraft  to  require 
maintenance  or  parts  therefore  spending  less  possessed  time  as  fTC  time. 
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t;^ble  28 


B-52G  CORRELATION  ANALYSIS  SUMMARY 


INDEPENDENT 


MC  Rate 

TNMCS  Rate 

TNMCM  Rate 

Aircraft  Breaks 

-0.62154 

0.0134 

0,54167 

0.0370 

0.86276 

0.0001 

Aircraft  Break  Rate 

-0.68314 

0.0050 

0.60517 

0.0168 

0.84462 

0.0001 

Aircraft  Sortie 

Utilization  Rate 

* 

* 

0.59652 

0.0189 

Average  Sortie  Duration 

* 

* 

0.61652 

0.0144 

Cannibal izations 

-0.53102 

0.0417 

0.64310 

0.0097 

* 

Cannibalization  Rate 

* 

0.578:9 

0.0239 

* 

Aircraft  Hours  Flown 

* 

* 

0.84488 

0.0001 

Late  ToJte-Offs 

-0.62215 

0.0133 

0.54537 

0.0355 

* 

Man-Hours  EIxpended 

-0.61074 

0.0156 

0.60139 

0.0177 

0.72716 

0.0021 

Possessed  Aircraft 

* 

0. '39668 
0.0189 

* 

Possessed  Hours 

0.54530 

0.0355 

0.53198 

0.0412 

«*'•  Indicates  correlation  p-value  greater  than  0.05 
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TABLE  29 


B-52G  C30RRELATI0N  ANALYSIS  SUMMARY  (continued) 


INDEPENDENT 

vaRTABr.R  DEPENDENT  VARIABLE 

MC  Rate  TNMCS  Rate  TNMCM  Rate 


Sorties  Attempted 


* 


is 


0.72069 

0.0024 


Sorties  Flown 


*  *  0.73837 

0.0017 


Sorties  Scheduled 

Aircraft  Fix  Rate 

Number  Fixed  in  18  Hours 


* 

* 

0.69945 

0.0037 

0.57237 

-0.54190 

* 

0.0250 

0.0369 

* 

* 

0.79853 

0.0004 

Indicates  correlation  p-value  greater  than  0.05 


The  number  of  cannibal izat ions  is  negatively  correlated  to  I-IC  rate. 
The  finding  suggests  as  the  number  of  cannibal izat ions  increase  MC  rate 
decreases.  Cannibalizations  result  from  the  inability  of  supply  system 
to  deliver  parts  in  time  to  meet  mission  requirements.  Assuming  a 
designated  aircraft  is  used  for  cannibalizations,  cannibalizing  to  fix 
broken  aircraft  Intuitively  should  improve  MC  rate.  The  negative 
correlation  may  be  due  to  the  aircraft  condition  requiring 
cannibalizations  not  the  result  of  cannibalization.  Cannibalization 
results  from  aircraft  that  are  already  broken  and  spent  time  NMC.  As 
more  aircraft  breaks  occur  and  cannot  be  supported  by  the  supply  system. 
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more  NMC  time  is  accumulated  before  the  cannibalization  action  occurs 


thereby  decreasing  MC  rate. 

The  number  of  late  take-offs  is  negatively  correlated  to  MC  rate. 
This  is  consistent  with  findings  for  the  KC-135A/D/E/Q  aircraft  and  may 
be  reviewed  for  further  understanding. 

The  MC  rate  is  negatively  correlated  with  man-hours  expended.  As 
man-hours  expended  increases  MC  rate  decreases.  This  finding  is  not 
consistent  with  the  KC-135A/D/E/Q.;  the  relationship  nature  is  opposite. 
This  finding  would  appear  counter  intuitive  as  confirmed  by  previous 
findings.  Man-hours  expended  is  highly  positively  correlated  with 
aircraft  breaks  at  0.0006.  Aircraft  breaks  appears  to  be  an  intervening 
maintenance  constraint  in  the  correlation  between  man-hours  expended  and 
MC  rate.  As  the  number  of  aircraft  breaks  increases  MC  rate  decreases, 
and  concurrently  the  man-hours  expended  win  increase  to  fix  broken 
aircraft.  Thus,  as  man-hours  increase  MC  rate  decreases  d»ie  to  aircraft 
brectks . 

The  aircraft  fix  rate  is  positively  correlated  to  MC  rate.  This 
finding  is  consistent  with  findings  for  the  KC-135A/D/E/Q  and  D-52H 
aircraft.  These  findings  nay  be  reviewed  for  further  understanding. 

2.  TNMCS  Rate.  As  discussed  previously  for  MC  rate,  aircraft 
breaks  and  aircraft  break  rate  ou:e  highly  positively  correlated  at  a 
significance  level  of  0.0001  which  indicates  the  maintenance  constraints 
are  collinear  providing  similar  information  to  MC  rate.  The  nuitijer  of 
aircraft  breaks  is  positively  correlated  to  TNMCS  rate  which  is 
consistent  with  findings  for  the  EC-135  aircraft. 

Number  of  cannibalizations  and  cannibalization  rate  are  positively 
correlated  with  TNMCS  rate.  As  cannibalizations  and  cannibalization 
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rate  increases  TNMCS  rate  Increases.  Cannibalizations  and 
cannibalization  rate  are  highly  correlated  at  a  significance  of  0.0001 
indicating  the  naintenance  constraints  are  collinear  and  providing 
similar  information  to  the  correlation  with  TNMCS  rate.  An  increased 
number  of  cannibalizations  would  be  in  response  to  an  increased  number 
of  aircraft  breaks  requiring  parts  that  the  supply  system  cannot 
provide.  As  this  situation  occurs  more  aircraft  breaks  are  due  to 
supply  thereby  increasing  TNMCS  time,  '^.e  cannibalizations  occur  after 
NMC  time  has  accumulated  and  TNMCS  tin.  ...iS  Increased. 

The  TNMCS  rate  is  positively  correlated  with  number  of  late  take¬ 
offs.  As  late  take-offs  increase  INMCS  rate  increases.  If  a  large 
proportion  of  late  take-offs  are  due  to  aircraft  breaks  requiring  supply 
support,  then  this  correlation  is  correct. 

Man-hours  expended  is  positively  correlated  with  TNMCS  rate.  This 
finding  is  not  consistent  with  findings  for  the  KC-135A/D/E/Q  and  EC-135 
aircraft  but  is  opposite  in  nature.  The  same  rationale  given  for  the  MC 
rate  findings  applies  with  the  exception  that  the  intervening  constraint 
aircraft  breaks  causes  an  increase  in  TNMCS  rate  due  to  an  increase  in 
parts  required. 

TNMCS  rate  is  positively  correlated  with  number  of  possessed 
aircraft  arid  possessed  hours,  that  is  as  possessed  aircraft  and 
possessed  hours  increases  TNMCS  rate  Increases.  The  possessed  aircraft 
and  hours  are  highly  correlated  at  0.0001  indicating  the  nnaintenance 
constraints  provide  similar  information  to  TNMCS  rate  The  positive 
correlation  tK.tween  TNMCS  rate  and  these  two  maintenance  constraints  is 
not  consistent  with  the  findings  for  the  KC-135A/D/E/Q  aircraft  but  is 
opposite  in  nature.  Recall  that  in  the  KC-135.VD/E/Q  discussion  the 
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findings  appeared  Inconsistent  with  the  MC  rate  ratio.  With  possessed 
hours  being  the  denominator  in  the  MC  rate  ratio,  it  would  appear  the 
correlation  should  be  negative.  As  the  denominator  increases  the  rate 
should  decrease.  The  proposed  rationale  for  the  finding  stated  the 
apparent  relationship  would  not  be  true  if  a  greater  percentage  of  the 
increased  possessed  time  is  MC  time  rather  than  NMC  time.  As  possessed 
time  increases  the  percentage  of  MC  time  also  increases.  Obviously,  the 
B-52G  finding  is  consistent  with  the  TNMCS  rate  ratio,  and  the 
difference  my  be  the  result  of  the  B-52G's  more  complex  weapon  systems 
and  dependence  on  spare  pcurts  relative  to  the  KC-135A/D/E/Q. 

Aircraft  fix  rate  is  negatively  correlated  with  the  TNMCS  rate, 
that  is  as  aircraft  fix  rate  increases  TNMCS  rate  decreases.  This  is 
consistent  with  findings  for  the  KC-135A/D/E/Q  and  B-52H  aircraft,  and 
these  aircraft  may  be  reviewed  for  further  understanding. 

3.  TNMCM  Rate.  The  number  of  aircraft  breaks  and  aircraft  break 
rate  are  highly  correlated  at  0.0001  indicating  the  two  constraints 
provide  similar  information  to  INMCM  rate.  The  aircraft  breaks  and 
TNMCM  rate  are  positively  correlated  and  is  consistent  with  findings  for 
the  EC-135  and  B-IB  aircraft.  These  aircraft  may  be  reviewed  for 
further  understanding. 

TOMCM  rate  is  positively  correlated  with  aircraft  sortie 
utilization  rate,  aircraft  hours  flown,  sorties  attempted,  sorties 
flown,  and  sorties  scheduled  which  are  highly  correlated  with  one 
ouiother.  As  any  one  of  these  five  maintenance  constraints  increase 
TNMCM  rate  increases.  Tiie  TNMCM  rate  positive  correlation  with  aircraft 
hours  flown  is  opposite  to  findings  for  the  KC-135A/D/E/Q  and  EC-135, 
and  the  correlation  between  the  H'lMCM  rate  and  sorties  flown  is  opposite 
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in  nature  to  findings  for  the  EC-135.  The  findings  for  the  B-52G  would 
suggest  the  aircraft's  break  rate  (mean  value  =  36.53)  is  higher  than 
the  KC-135A/D/E/Q  (mean  value  =  6.27)  and  EC-135  (mean  value  =  35.71) 
causing  more  breaks  and  associated  TNMCM  time  relative  to  the  other  two 
aircraft.  This  idea  is  supported  in  the  case  of  the  KC-135A/D/E/Q  but 
only  marginally  with  the  BC-135.  The  increase  in  B-52G  sorties  or  hours 
flown,  represented  by  the  five  constraint  measures  above,  leads  to 
increase!  aircraft  breaks  and  associated  TNMCM  time. 

Average  sortie  duration  is  positively  correlated  with  TNMCM  rate, 
that  is  as  average  sortie  duration  increases  TNMCM  rate  increases.  This 
finding  is  consistent  with  the  KC-135R  arid  may  be  reviev>ied  for  further 
understanding. 

TNMCM  rate  is  positively  correlated  with  number  of  man-hours 
expended.  As  itan-hours  expended  increases  TNi'iCM  rate  increases.  This 
is  not  consistent  with  findings  for  the  KC-135A/D/E/Q  and  EC-135 
aircraft.  The  rationale  for  the  positive  correlation  between  TNMCM  rate 
and  man-hours  expended  is  the  same  as  for  the  MC  rate  with  reference  to 
the  intervening  constraint  aircraft  breaks. 

Possessed  hours  is  positively  correlated  to  TNMCM  rate,  that  is  as 
possessed  hours  increases  'iNMCM  rate  increases.  This  is  not  consistent 
with  findings  for  the  KC-135A/D/E/Q  and  E-4B  aircraft  but  is  opposite  in 
nature.  The  rationale  given  for  correlation  in  the  TNMCS  rate 
discus-ion  is  similar  here  except  the  B-52G  is  maintenance  intensive 
relative  to  the  other  two  aircraft.  The  mean  break  rate  for  the 
KC-135A/D/E/Q,  E-4B  and  B-52G  is  o.27,  18.00,  and  36.53  respectively. 

The  number  fixed  in  18  hours  is  positively  correlated  with  TNMCM 
rate.  ThiS  finding  is  consistent  with  that  found  for  the  BC-135  that  as 
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number  fixed  in  18  hours  increases  TNMCM  rate  increases.  Reference  the 


E!C-135  discussion  for  further  understanding. 

Stepwise  Regression.  The  SAS  forward  stepwise  regression  outputs 
are  presented  in  Appendix  E.8.  A  sumiary  of  results  is  presented  in 
Table  30  and  should  be  referenced  for  the  following  discussion. 

rc  Rate  Regression  Model.  The  measures  of  interest  indicate 
the  model  is  useful  at  all  three  alpha  values.  The  8.47  F-value  is 
greater  than  the  F-Alpha  value.s,  and  the  0.0051  Prob>F  is  less  than  the 
alpha  significance  levels.  Although  the  measures  indicate  the  model  is 
useful,  only  58.53  percent  of  MC  rate  variability  is  explained  by  the 
constraints;  aircraft  break  rate  and  aircraft  fix  rate. 

Aircraft  break  rate  and  aircraft  fix  rate  are  entered  into  the 
model  with  negative  and  positive  parameters  respectively.  This  supports 
the  correlation  analysis  which  identified  that  aircraft  break  rate 
decreases  MC  rate  aiJ  aircraft  fix  rate  increases  MC  rate. 

TNMCS  Rate  Regression  Model.  The  9.17  F-value  is  greater  than 
the  F-Alpha  values,  and  the  0.0097  Prob>F  is  less  than  the  alpha 
significance  levels.  The  model  is  useful  at  predicting  the  TNMCS  rate 
using  the  maintenance  constraint  cannibalizations.  The  R-square  is 
relatively  low  indicating  only  41.39  percent  of  the  total  TNMCS  rate 
variability  is  explained  by  cannibalizations. 

Cannibal iziatioas  is  entered  into  the  model  with  a  positive 
parameter.  This  is  consistent  with  correlation  analysis.  As 
cannibalizations  increase  TNMCS  rate  increases. 

TNMCM  Rate  Regression  Model.  The  TNMCM  rate  model  measures  of 
interest  are  significant  and  indicate  the  model  is  useful  for  all  three 
alphas  selected.  The  20.98  F-value  is  significantly  greater  than  the 
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TABLE  30 


B-52G  STEPWISE  REGRESSION  RESULTS 


Mcxael  F<?gm 

MCR  =  72.669 

-  0.219(ABR) 
+  0.175(AFR) 


TOMCS  Rate 

Model  Form 


TNMCS  =  6.481 

+  0.024(CAN) 


IMMGM  Rate. 

Model  Form 

TWiCM  =  3.925 

+  0.031(ABK) 
+  1.260(ASD) 
-  0.022(NFH) 


F-Value 

PrQb>  ^ 

0.58525 

8.47 

Q.0051 

Model  Useful  (F>F- Alpha) 
F-Alpha  Value 

Q^Q- 

Q.9S 

0xQ3^ 

2.81 

3.89 

6.93 

Rsquare 

F-Value 

0.41358 

9.17 

0.0097 

Model  Useful  (F>F- Alpha) 
F-Alpha  Value 

Q^Q-  ILilL.  -Q-uQ!- 

3.14  4.67  9.07 

Rsouare  F-Value  Pt.pb>F 

0.85123  20.98  0.0001 

Model  Useful  (F>F- Alpha) 
F-Alpha  Value 

Q.IQ  Q.Q5 

2.66  3.59  6.22 


*  Constraint  parameters  rounded  to  the  third  d6H:imal  position. 


F-Alpha  values,  and  the  0,0001  Prob>F  is  less  than  the  alpha 
significance  levels.  Tiie  R-square  shows  that  85.12  percent  of  total 
TNMCM  rate  variability  is  explained  by  the  model. 


96 


Aircraft  breaks,  average  sortie  duration,  and  the  number  fixed  in 
18  hours  are  entered  in  the  model  as  maintenance  constraints  that 
explain  the  occurrence  of  TNMCM  rate.  "The  positive  relationship  between 
TNMCM  rate  and  aircraft  breaks  and  average  sortie  duration  is  consistent 
with  the  correlation  findings.  The  mimber  fixed  in  18  hours  negative 
parameter  is  not  consistent  with  the  correlation  and  subtracts  from  the 
TNMCM  rate  in  the  regression  model. 

Residual  Analysis.  Residual  plots  were  studied  and  indicate  the 
models  cannot  be  improved  through  the  use  of'^  a  quadratic  maintenance 
constraint  term.  None  of  the  residual  plots  indicate  a  curvature  in 
residual  data  which  would  indicate  the  need  for  a  quadratic  terra. 

Model  Validation.  The  validation  results  computed  by  SAS  for  the 
six  months  validation  data  are  presented  in  Apperxilx  G.8.  A  summary  of 
the  results  is  presented  in  Table  31  ajnd  should  be  referenced  for  the 
following  discussion. 


TABLE  31 

B-52G  VALIDATION  RESULTS 


TNMCM  Rate  TWKM  Rate 


Date 

Actual 

Pxed., 

Actual 

EicssL. 

Actual 

Pred. 

Apr  90 

81.1  * 

79.50 

10.0  * 

11.17 

13.7  *** 

15.34 

May  90 

77,4  * 

78.44 

12.5  * 

11.84 

16.9  * 

16.40 

Jun  90 

79.2  * 

80.16 

11.5  *  - 

10.76 

16.3  *** 

14.74 

Jul  90 

79.0  * 

78 . 19 

11.0  * 

10.09 

15.1  * 

14.93 

Aug  90 

81.4 

75.73 

9,3  * 

10.35 

13.0 

16.17 

Sep  90 

77  6  * 

75.70 

12.8  * 

11.76 

15.3  * 

15.26 

*  90%  (0.10  alpha) 

**  95%  (0.05  aipha) 

***  99%  (0.01  alpha) 


The  HC  rate  90%  confidence  interval  included  observations  April- 
July  and  Sept>ent>er  1990.  August  1990  is  not  included  in  any  confidence 
interval.  The  TIMCS  rate  for  observations  Aprll-Septeinber  1990  axe 
included  in  the  90\  confidence  interval.  The  TWMCM  rate  observations 
for  May  1990,  July  1990  and  September  1990  are  included  in  the  90% 
confidence  interval,  and  April  and  June  1990  are  included  in  the  99% 
interval.  August  1990  is  excluded  from  the  intervals. 

EBbXLLA 

Correlation  Analysis.  The  SAS  correlation  analysis  output  is 
presentad  in  Appendix  D.9.  The  correlation  results  are  sunmarized  in 
Table  32  and  should  be  referenced  for  the  following  discussion. 

TABLE  32 

FB-lllA  ANALYSIS  SUhfriARY 


INOEPEMDEMT 

ymims  dependent  variable 


MC  Rate 

TNMCS  Rate 

TNMCM  Rate 

Cancellations 

-0.81031 

0.0002 

* 

0.64527 

0.0094 

Cancellation  Rate 

-0.83483 

0.0001 

* 

0.67742 

5.0055 

Sorties  Attempted 

* 

* 

-0.51568 

0.0491 

***'"  Indicates  correlation  p-value  (greater  than  0.05 


1-  hC  Rate.  Cancellations  and  cancellation  rate  are  highly 
correlated  at  0.0001  level  of  significance.  This  iixilcates  the  two 
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maintenance  constraints  are  colllnear  providing  similar  information  to 
MC  rate.  MC  rate  is  negatively  correlated  with  number  of  caricellations 
and  cancellation  rate.  As  nuirioer  of  cancellations  and  cancellation  rate 


increases  MC  rate  decreases.  This  is  consistent  with  findings  for  the 
KC-135R  aircraft  and  may  be  reviewed  for  further  understanding. 

2.  TNMCM  Rate.  Cancellations  and  cancellation  rate  are  positively 
correlated  with  TNMCM  rate.  As  cancellations  and  cancellation  rate 
increases  TNMCM  rate  increases.  This  finding  is  consistent  with  the 
KC-135R  correlation. 

Sorties  attempted  is  negatively  correlated  with  TTIMCM  rate,  that  is 
as  sorties  attempted  increases  TNMCM  rate  decreases.  This  finding  is 
not  consistent  with  findings  for  the  B-52G  but  is  opposite  in  nature. 

For  the  FB-lllA,  as  TNMCM  rate  increases  more  aircraft  are  available  for 
missions  and  is  reflected  In  a  greater  utilization  rate. 

Stepwise  Regression.  The  SAS  forward  stepwise  regression  output  is 
presented  in  Appendix  E.9.  A  sumnery  of  the  findings  is  presented  in 
Table  33  and  should  be  referenced  for  the  follov'/ing  discussion. 

MC  Rate  Regression  Model.  The  measures  of  interest  Indicate 
the  model  is  useful  at  all  three  alpha  values  selected.  The  19.55 
F-value  is  greater  than  the  F-Alpha  values,  and  the  0.0001  Prob>F  is 
less  than  the  alpha  significance  levels.  The  R-square  indicates  that 
88.66  percent  of  MC  rate  variability  is  explained  by  the  constraints; 
'■ancellation  rate,  man-hours  per  flying  hour,  possessed  aircraft  and 
possessed  hours. 

The  nature  of  the  paraneters  indicate  cancellation  rate,  man-hours 
[xsr  flying  hour  and  possessed  aircraft  reduce  MC  rate  while  possessed 
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TABLE  33 


FIB-lllA  STEPWISE  REGRESSION  RESULTS 


lliaglffn  Capable, -Bate 

Ms?deI..Ecixm 

MGR  =  85.263 

-  1.070<CXR) 

--  O.Q94(MHF) 

-  0.823 (PSA) 

+  O.OOl(PSH) 


Rate 

Model  Form 

TOMCS  =  21.872 

-  0.115(AFR) 


TWMCM  Rate 

Model  Form 

TOWOI  =  -  4.083 

+  3.592(AAR) 

-  3.145(ASD) 

-  1.285(CNX) 
+  4.871(CXR) 

-  0.058(SAT) 
0.122(SSD) 


SsLguaxs  EX2b2£ 

0.08663  19.55  0.0001 

Model  Useful  (F>F-Alpha) 
F- Alpha  Value 

iL2SL.  Q.A5...  ILiH- 

2.61  3.48  5.99 

Rsouare  F-Value  Prob>F 

0.21753  3.61  0.0797 

Model  Useful  (F>F- Alpha) 
F- Alpha  Value 

0.10  Q.Q5  0.01 

3.14  4.67  9.07 

Rsouare  ErValue  Prob>F 

0.86352  0.44  0.0041 

Model  Useful  (F>F- Alpha) 
F-Alpha  Value 

£LJLft_  £J25.. 

2.67  3.58  6.37 


*  Constraint  parameters  rounded  to  the  third  decimal  position. 


hours  increases  MC  rate.  Man-hours  per  flying  hour,  possessed  aircraft 
and  possessed  hours  failed  to  identify  during  correlation  analysis. 

TNMCS  Rate  Regression  Model.  The  model  is  useful  at  alpha 
value  0.10  but  not  at  alpha  values  0.05  and  0.01.  The  3.61  F-value  is 
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greater  than  the  3.14  F-Alpha,  and  the  0.0797  Prob>F  Is  less  than  the 
0.10  alpha  significance  level.  The  F-value  is  less  than  the  F-Alpha 
values,  and  the  Prob>F  is  greater  than  the  alpha  significance  levels  at 
0.05  and  0.01.  The  R-square  indicates  aircraft  fix  rate  explains  21.75 
percent  of  the  total  'ITIMCS  rate  variability. 

The  aircraft  fix  rate's  negative  parameter  suggests  the  constraint 
reduces  TNMCS  rate  as  the  constraint  increases.  This  is  logically 
correct;  as  inore  aircraft  breaks  are  fixed  in  the  first  18  hours  the 
less  time  aircraft  accumulates  NMC  time  reducing  TNMCS  rate. 

TNMCM  Rate  Regression  Model.  The  measures  of  interest 
indicate  this  model  is  useful  at  the  three  alpha  values  selected.  The 
8.44  F-value  is  greater  than  the  F-Alpha  values,  and  the  0.0041  Prob>F 
is  less  than  the  alpha  signif icartce  levels.  The  R-square  indicates  that 
86.35%  of  the  total  TNMCM  rate  variability  is  explained  by  constraints; 
air  abort  rate,  average  sortie  duration,  cancellations,  cancellation 
rate,  sorties  attempted  and  sorties  scheduled. 

Of  the  maintenance  constraints  entered  into  the  model,  the  only 
constraints  identified  during  correlation  analysis  v«re  cancellations, 
cancellation  rate,  and  sorties  attempted.  The  nature  of  the 
correlations  agree  with  the  model  constraint  parameters  for  cancellation 
rate  and  sorties  attempted.  The  Ccincellations  parameter  nature  in  the 
model  is  opposite  that  identified  during  correlation.  Average  sortie 
duration,  cancellations,  and  sorties  attempted  reduce  the  model  TNMCM 
rate  while  air  aborts,  cancellation  rate,  and  sorties  scheduled  increase 
INMCM  rate. 

Residual  Analysis.  The  SAS  residual  analysis  output  is  presented 
in  Appendix  F.9.  The  residual  analysis  findings  indicate  the  TNMCS  rate 
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itKxiel  aircraft  fix  rate  residual  plot  is  curved.  The  model  can  be 
improved  through  the  use  of  a  quadratic  aircraft  fix.  rate  term.  A 
suirmary  of  the  modified  regression  model  is  presented  in  Table  34. 

TABLE  34 

FB-lllA  STEPWISE  REGEIESSION 
RESIDUAL  MODIFICATIONS 


TMMC5  Rate 


MQdsI  Egrm 

TNMCS  =•  154.404 

-  3.544(AFR) 

+  0.022(SQAFR) 


Bauuarfi  F-vaiue 

0.6262  10.05  0.0027 

Model  Useful  (F>F-Alpha) 
F  -Alpha  Values 

CLlfl  OJiS  iLiil 

2.81  3.89  6.93 


*  Constraint  parameters  rounded  to  the  third  decimal  position. 


The  quadratic  term  improves  the  model's  usefulness  to  now  include  0.05 
and  0.01  significance  levels.  The  F-value  increased  to  10.05  and  the 
Prob>F  decreased  to  0.0027  improving  the  model's  usefulness  at  the 
significance  levels  indicated.  The  R-square  improved  indicating  the 
modified  model  explains  62.62%  of  TNMCS  rate  total  variability.  The 
modified  TNMCS  rate  model  will  be  ased  in  validation. 

Model  Validation.  The  validation  results  computed  by  SAS  for  the 
six  months  validation  data  are  presented  in  Appendix  G.9.  A  summary  of 
the  results  is  presented  in  Table  35  and  should  be  referenceid  for  the 
following  discassion. 

The  MC  rate  90%  confidence  interval  includes  observations  for  April 
and  May  1990  and  July-September  1990.  June  .1990  is  included  in  the  99% 
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TABLE  35 


FB-lllA  VALIDATION  RESULTS 


tSUSatfi 


Date 

Predi 

Apr  90 

74.4  * 

75.93 

May  90 

78.2  * 

78.21 

Jun  90 

76.0  *** 

80.09 

Jul  90 

75.1  * 

77.98 

Aug  90 

78.3  * 

81.97 

Sep  90 

77.4  * 

77.35 

'HtCS  Rate  TNMCK  Rate 


Actual 

Actt^al 

E££<Ll. 

16.2 

12.03 

16.6  ** 

12.79 

13.2  * 

12.85 

12.5  * 

11.67 

15.3  *** 

12.34 

14.3  * 

11.75 

13.7  * 

11.97 

14.2  * 

13.64 

11.1  * 

12.09 

12.9  * 

3.84 

12.1  * 

13.54 

15.2  * 

-0.52 

*  90%  (0.10  alpha) 
**  95%  (0.05  alpha) 
***  99%  (0.01  alpha) 


confidence  interval.  The  TNMCS  rate  for  observations  May  1990  and  July- 
September  1990  are  included  in  the  90%  confidence  interval.  June  1990 
is  included. in  the  99%  interval,  and  April  1990  is  excluded  from  the 
intervals.  The  TNMCM  rate  observations  for  May-September  1990  are  in 
the  90%  confidence  interval,  and  April  1990  is  in  the  95%  interval. 

Aggregated  Aircraft  Data 

The  findings  to  this  point  are  segregated  by  aircraft,  and 
inferences  made  about  individual  aircraft  cannot  be  applied  to  the 
general  case.  So,  it  is  important  to  aggregate  the  findings  to  identify 
maintenance  constraints  commonalities  for  the  three  production  output 
measures  that  may  be  applied  to  the  aircraft  maintenance  general  case. 
Tables  36,  38,  and  40  Includes  those  maintenance  constraints  identified 
during  correlation  analysis  for  MC,  TNMCS,  and  TNMCM  rate  respectively. 
Tables  37,  39,  and  41  identifies  constraints  by  aircraft  included  in  the 
MC,  TNMCS,  and  TNMCM  rate  regression  models  respectively. 


103 


TABLE  36 


MAINTENANCE  CX3NSTRAINTS  AtXREGATED  FOR  MC  RATE 
CSDRRELATION  ANALYSIS 


Aircraft  Maintenance  Constraints 


ABK  ABR 

KC-135 

KC-135R 

RC-135 

EC-135 

E-4B 

B-IB 

B-52H 

B-52G 

FB-11.U 


AFR  A3D  CAN  CNX  CXR  HFN 
+  + 

+ 

+ 

+ 


LTO  MHE  NFH  PSA  PSH  SAT  SFN  SSD 

KC-135  +  +  +  +  +  + 

KC-135P. 

RC-135 

BC-135  +  -  + 

E-4B 

B-IB 

B-52H 

B-52G 

FB-lllA 
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TABLE  37 


MAINTENANCE  CONSTRAINTS  AGGREGATED  FXDR  MC  RATE 
REGRESSION  MODEL 


Aircraft 

Maintenance  Constraints 

AAB 

ABR 

AFR  ASD  CNX  CXR  CAN 

CNR 

HFN 

KC-135 

+  + 

+ 

KC-135R 

- 

+ 

+ 

RC-135 

BC-135 

+ 

+ 

E-4B 

+  + 

B-IB 

- 

- 

B-52H 

+ 

B-52G 

- 

+ 

FB-lllA 

LTO 

LTR 

MHE  MHS  MKF  NFH  PSA 

PSH 

SEN 

KC-135 

- 

+ 

KC-135R 

RC-135 

+ 

BC-135 

+ 

E~4B 

- 

+ 

B-IB 

+ 

+ 

B-52H 

B-52G 

FB-lllA 

- 

+ 
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TABLE  38 


MAINTENANCS  CX»ISTRAINTS  AGC3REGATED  FOR  TNMCS  RATE 
CORRELATION  ANALYSIS 


Aicciaft.  tlaiRtsnange  ConstyaJLcts. 

ABK  ABR  AFR  CAN  CNR  CNX  C3CR  HFN 

KC-135 

KC-135R  +  + 

RC-135 

EC-135  +  + 

E-4B 

B-IB 

B-52H 

B-52G  +  4-  -  +  + 

FB-lllA 

LTO  MHE  NFH  PSA  PSH  SAT  SFN  SSD 
KC-135  -  _____ 

KC-135R 
RC-135 

BC-i35  -  + 

E-4B 

B-IB 

B-52H 

B-52G  +  +  +  + 

FB-lllA 
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TABLE  39 


MAINTENANCE  OONSTOAINTS  A£3GE?BGATED  FOR  TNMCS  RATE 
RBGRESSIC»«  MODEL 


ftiCCCflft 

KC-.135 

KC-135R 

RC-135 

EC-135 

E-4B 

B-IB 

B-52H 

B-52G 

FB-lllA 


KC-135 

KC-135R 

RC-135 

EC-135 

E-4B 

B-IB 

B-52H 

B-52G 

FB-llLA 


Maintenance 

ABR  AFR  ASD  CXR  CAN  CNR  LIO 

+  +  - 
+  + 


LTR  MHE  MHF  PSA  PSH  3SD 

-  +  - 
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TABLE  40 


MAINTENANCE  CONSTRAINTS  AGGREGATED  FOR  TNMCM  RATE 
CORRELATION  ANALYSIS 


Aiccc.fl£t 

Maintenance  Constraints. 

ABK 

ABR  AFR  ASU  ASD  CNX 

CXR 

HFN 

KC-135 

- 

KC-135R 

+  + 

+ 

RC-135 

BC-135 

+ 

+ 

- 

E-4B 

B-IB 

+ 

B-52H 

- 

B-52G 

+ 

4*  +  + 

+ 

FB-lilA 

+ 

MHE 

NFH  PSA  PSH  SAT 

SFN 

SSD 

KC-135 

' 

- 

KC-135R 

RC-135 

EC-135 

- 

+ 

- 

E-4B 

- 

B-IB 

B-52H 

B-52G 

+ 

+  +  + 

+ 

+ 

FB-lllA 

- 
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TABLE  41 


MAINTENANCE  CONSTRAINTS  AGGREGATED  FOR  TNMCM  RATE 
REGRESSICS4  MODEL 


MalntsnaDCfi,  .Cong^caints. 

AABAARABKABRASDAFRCNXCXR 


KC-135 

KC-135R 

RC-135 

BC-135 

E--4B 

B-IB 

B-52H 

B-52G 

FE-lllA 


+ 


+ 

+ 


CAN  HFN  MHF  NFH  PSA  PSH  SAT  SSD 
KC-135  + 

KC-135R 

RC-135 

BC-135  -  + 

E-4B 

B-IB 

B-52H 

B-52G 

FB-lllA  -  + 
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MC  Rate.  Generally,  the  data  indicates  a  lack  of  consistency 
across  the  nine  aircraft,  although  one  maintenance  constraint  appears 
prominent.  Aircraft  fix  rate  identified  during  correlation  analysis  for 
the  KC-135A/D/E/Q,  B-52H,  and  B-52G  aircraft  and  again  during  regression 
modelling  for  the  same  three  aircraft  plus  the  E-4B.  It  appears  for  MC 
rate,  aircraft  fix  rate  is  an  important  maintenance  constraint  that 
explains  MC  rate  at  least  in  the  aircraft  cited  though  possibly  not  to 
the  general  case. 

TMMCS  Rate.  Aircraft  fix  rat?  identified  three  times  during 
correlation  analysis.  Once  each  for  the  KC-135VD/E/Q,  B-52H,  and  B-52G 
aircraft.  The  regression  models  for  the  same  aircraft  with  the  addition 
of  the  KC-135R  included  aircraft  fix  rate  in  the  regression  equation. 
Again,  though  the  data  does  not  conclusively  indicate  aircraft  fix 
rate's  general izabi 11 ty  to  aircraft  maintenance,  the  maintenance 
constraint  is  prominent  and  shows  to  be  a  good  indication  of  the  TN>1CS 
rate  at  least  for  the  aircraft  cited. 

TNMCM  Rate.  Aircraft  fix  rate  does  not  appear  prominent  for  the 
TNMCM  rate  production  measure.  Cancellation  rate  appears  prominent  for 
this  data  set.  The  correlation  analysis  for  the  nine  aircraft 
identified  the  KC-135R,  RC-135,  EC-135,  and  FB-lllA  aircraft  as  sharing 
cancellation  rate  as  a  common  naintenance  constraint.  The  regression 
modelling  results  show  the  same  aircraft  except  the  EX::-135  sharing  the 
constraint.  Once  again,  the  results  are  not  generalizable  to  aircraft 
maintenance  but  do  irxiicate  cancellation  rate  is  important  to  explaining 
TtWCM  rate. 
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This  chapter  presented  answers  to  the  research  cpaestions  and  the 
problem  statement.  The  answer  to  research  question  1  indicated  many 
performance  measures  exist  and  are  available  for  maintenance  manager  j 
use.  Next,  aircraft  statistical  analysis  and  regression  modelling 
results  were  presented  to  answer  research  questions  2,  3  and  4.  All 
nine  aircraft  were  discussed  individually  giving  correlation  analysis 
and  regression  mcxlelling  results. 

A  table  identifying  the  maintenance  constraint  and  production 
output  measure  correlation  with  appropriate  discussion  was  presented  to 
answer  questions  2  and  3  as  to  which  constraints  limit  or  enhance 
production  capability  and  their  statistical  relationship. 

In  addition,  twenty  seven  regression  models  were  built  using 
forward  stepwise  reigression,  and  four  additional  models  were  built  using 
residual  analysis  introducing  quadratic  terms  where  appropriate. 

Finally,  regression  nodel  validation  results  were  presented  with 
90%,  95%,  and  99%  confidence  intervals  for  the  predicted  value  using  the 
six  months  validation  data.  Following  the  discussion  of  all  nine 
individual  aircraft,  commonalities  between  aircraft  were  presented. 


Ill 


Introduction 

This  chapter  presents  conclusions  and  reconmendatlons  resulting 
from  the  research  effort  conducted  to  identify  maintenance  constraint 
indicators  of  production  capability  which  could  be  used  in  a  regression 
model  as  predictors  of  maintenance  production  output.  Additionally, 
suggested  future  research  is  presented  at  the  end  of  the  chapter. 

Consluaiftna 

The  conclusions  are  presented  following  a  restatement  of  the 
research  questions  presented  in  Chapter  I . 

1.  What  are  the  existing  measures  of  aircraft  maintenance 
production  capability  in  SAC?  The  production  measures  presented  in 
Appendix  C  are  extracted  from  a  spreadsheet  currently  used  by  HQ  SACAiGY 
to  measure  aircraft  system  and  maintenance  performance  and  from 

SACP  66-17.  Some  measures  that  appear  in  SACP  66-17  do  not  appear  in 
the  HQ  SAC/LGY  spreadsheet  and  visa  versa.  The  list  in  Appendix  C  is  a 
compilation  of  both  sources. 

2.  What  ai;e  the  aircraft  maintenance  production  constraints  that 
limit  or  enhance  production  capability?  The  research  data  faiJs  to 
conclusively  identify  any  maintenance  constraint  measures  that  limit  or 
enha^x:e  production  capability  that  can  be  used  for  all  nine  SAC  aircraft 
analyxed.  The  only  indication  of  conmonality  is  across  four  aircraft 
for  only  two  mcilntenance  constraints.  The  remaining  maintenance 
cormti.’aints  identified  sporadically  across  tlie  nine  aircraft  indicate  an 
eysBolute  lack  of  connonality.  Though  aircraft  fix  rate  and  cancellation 
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rate  appears  prcNminent  for  MC  and  TTIMCS  rate  and  TNHCM  rate 
respectively,  the  finding  cannot  be  generalized  across  all  nine 
aircraft. 

The  lack  of  conmonality  in  the  findings  may  be  due  to  one  or  more 
of  the  following  reasons: 

a.  The  data  sample  of  twenty-one  observations  (fifteen  for 
correlation  and  regression  and  six  for  regression  validation)  is  not 
large  enough  for  the  amount  of  random  variance  present  in  the  data.  A 
larger  sample  size  may  give  more  accurate  results  due  to  a  larger 
sample’s  tendency  to  compensate  for  the  negative  effects  of  random 
variance. 

b.  Hie  data  may  also  possess  cyclical  variance  larger  than  the 
fifteen  month  sample  analyzed  and  out  of  phase  between  the  aircraft. 

The  cycles  may  be  induced  by  such  occurrences  as  changing  aircraft  •  • 

mission  requirements  or  changing  management  emphasis  between  categories 
of  production  measures  induced  by  changing  Air  Force  leadership. 

c.  Aircraft  maintenance  is  a  complex  and  dynamic  production  system 
in  contrast  to  a  relatively  stable  and  controllable  manufacturing 
system.  The  aircraft  maintenance  system  production  flow  appears 
cyclical  in  contrast  to  an  assembly  line  nanufacturing  system  with  an 
identifiable  material  entry  and  exit  point.  The  maintenance  system 
produces  MC  rate  v^ich  is  translated  into  sortie  production  to  meet 
mission  requirements.  The  resulting  sorties  become  the  demand  placed 
back  on  the  system  in  the  form  of  aircraft  servicing  and  breaks.  The 
result  is  that  higher  MC  rate  produces  more  aircraft  available  for 
sortie  production  which  in-turn  increases  demand  placed  on  production 
system.  Increased  aircraft  sorties  increases  demarxl  on  manpower. 
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equipment  and  supplies  to  produce  MC  rate  thereby  increasing  possible 
sortie  production  and  the  cycle  continues.  The  cyclical  nature  of  the 
system  increases  interdependency  and  collinearity  of  production 
measures.  The  interdependency  and  collinearity  of  measures  at  the  very 
least  frustrates  the  identification  of  maintenance  constraints  that 
enhance  or  limit  production,  and  at  the  most,  renders  the  measures  at 
the  aggregate  level  effectively  nonexistent. 

3.  What  are  the  statistical  relationships  between  the  naintenance 
constraints  and  an  organisation's  production  capability?  The  findings 
are  inconclusive  in  this  area  as  well.  The  measures  are  inconsistent 
both  in  occurrence  and  in  nature.  Many  aircraft  failed  to  identify  with 
some  constraints  when  other  aircraft  identified  significantly.  Also,  in 
some  cases  where  conroonality  of  occurrence  did  exist  between  two  or  more 
aircraft,  the  nature  of  the  occurrence  disagreed.  V»ien  the • occurrence 
of  one  aircraft  measure  identified  that  production  output  should 
increase,  the  same  occurrence  of  the  measure  for  another  aircraft 
indicated  production  output  should  decrease.  These  inconsistencies 
occur  for  a  significant  percentage  of  the  measures  adding  doubt  to  the 
actual  existence  of  coimon  measures. 

4.  What  maintencuice  constraints  can  be  used  in  a  predictive  model 
of  a  naintenance  organization's  sortie  producing  capability?  The  nine 
aircraft  models  built  for  each  of  the  three  production  output  measures 
of  Interest  ace  dissimilar.  The  models  global  measures  of  usefulness 
very  widely  in  strength  and  are  inconsistent  with  the  results  of 
validation.  Those  models  that  appeared  to  possess  strong  global 
measures  had  less  observations  present  in  the  confidence  intervals  than 
did  models  with  weaker  global  measures.  Additionally,  validations  for 
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some  models  showed  a  higher  percentage  of  observations  in  the  confidence 
intervals,  although  the  delta  betvgeen  actual  atxl  predicted  values  were 
larger  than  for  observations  outside  the  confidence  intervals  in  other 
models.  The  maintenance  constraints  included  in  the  regression  models 
lacked  coramDnality.  The  constraints  included  in  the  nxxlels  were  not 
consistent  across  all  aircraft  tor  the  same  production  output  measures. 

Based  on  the  research  findings  and  conclusions  cited  above, 
maintenance  manager's  use  of  productivity  measures  to  evaluate  aircraft 
maintenance  performance  should  be  insightful  and  tempered  with  the 
knowledge  that  aircraft  maintenance  is  a  dynamic  environiment  that  is 
difficult  to  define  when  postulating  performance.  Maintenance  managers 
that  use  performance  measures  blanketed  across  all  aircraft  types  and 
mission  environments  to  judge  nalntenance  performance  may  find 
evaluations  divergent  from  reality. 

Recommendations 

Maintenance  managers  in  SAC  need  to  be  careful  when  evaluating 
naintenance  perfornance  and  should  not  evaluate  all  aircraft  with  one, 
two  or  even  a  select  group  of  identical  production  meas-urement 
indicators.  Though  custondzing  indicators  for  each  aircraft  system  is 
neither  practical  nor  appropriate,  insightful  qualitative  judgement 
should  be  used  i4ien  evaluating  the  host  of  indicators.  Using  one  or  two 
indicators  for  one  aircraft  type  may  indicate  good  performance,  and  for 
another  aircraft  type  the  same  indicators  may  indicate  poor  perforirance. 


The  results  of  previous  research  presented  in  CSiapter  II  and  this 
thesis  indicate  that  future  research  in  this  area  at  the  aggregate  level 
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may  not  be  appropriate.  Research  at  a  lower  level,  such  as  one 
particular  aircraft  serial  number  of  an  aircraft  system  type  using  a 
significantly  larger  data  sample  over  a  longer  period  of  time  nay  prove 
to  be  profitable.  Tiie  larger  sample  may  reduce  the  random  and  cy*olical 
variance  that  hindered  this  research.  The  methodology  used  in  this 
thesis  appears  sound  and  could  help  in  any  future  efforts. 

Siiomao: 

This  chapter  presented  the  conclusions,  recommendations  and 
suggestion  for  future  research.  Hie  findings  of  the  research  are 
inconclusive  as  to  what  maintenance  constraints  are  indicators  of 
production  capability  in  aircraft  maintenance.  Maintenance  production 
is  a  complex  dynamic  system  that  is  not  easily  definable  In  terms  of 
production  inputs  and  outputs  and  makes  maintenance  performance 
measurement  difficult  at  best. 
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Appendix  A;  Alzcratt  Production  Data  Files 


L.  KC-135A/B/E/Q 
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183.6 

44.7 

5.5 

5.1 

3.4 

1.5 

3.7 

17.4 

134.7 

100207 

4 

184776 

177.7 

43.3 

4.4 

3.8 

4.2 

1.8 

2.5 

16.0 

137.4 

98918 

5 

177826 

161.5 

38.0 

3.9 

4.0 

3.1 

1.0 

2,6 

14.2 

147.4 

106103 

6 

150798 

120.9 

30.1 

3.2 

3.2 

3.5 

1.0 

3.2 

17,3 

146.5 

105497 

7 

149952 

145.7 

35.5 

3.3 

3.0 

3.3 

1.1 

3.5 

16.1 

151.3 

112535 

8 

167856 

140.3 

35.4 

3.6 

3.6 

2.9 

1.2 

3.5 

14.0 

139.7 

103951 

9 

141175 

119.6 

28.6 

5.0 

5.2 

2.9 

0.9 

5.4 

17.9 

159.6 

114876 

10 

160140 

125.9 

29.7 

3.8 

5.8 

4.1 

1.3 

6.3 

12.2 

163.9 

121959 

11 

162244 

145.9 

35.9 

5.4 

5.4 

3.0 

1.8 

6.9 

11.9 

158.8 

114368 

13 

152927 

158.6 

37.5 

4.6 

6.5 

5.2 

2.4 

12.1 

11.4 

162.0 

120558 

13 

160430 

132.3 

31.7 

4.3 

5.8 

5.9 

3.0 

8.1 

14.6 

160.1 

119149 

14 

163499 

147.6 

34.6 

5.0 

6.5 

7.2 

2.3 

7.2 

10.2 

157.3 

105725 

15 

192674 

135.8 

30.9 

4.4 

6.1 

5.1 

2.9 

9.0 

10.8 

163.2 

121420 

16 

148597 

104.1 

25.0 

4.2 

3.8 

4.3 

1.7 

8.1 

8.7 

169.9 

122301 

17 

179388 

118.1 

28.1 

4.7 

5.4 

3.5 

1.1 

4.8 

9.5 

176.5 

131283 

18 

194682 

134.9 

32.6 

3.1 

4.6 

3.1 

2.1 

3.8 

11.9 

167.9 

120859 

19 

153994 

112.3 

27.8 

3.3 

4.6 

3.5 

1.6 

3.7 

11.1 

199.9 

148757 

20 

117190 

86.0 

17.8 

2.1 

2.8 

2.2 

1.5 

5.2 

12.4 

187.1 

139231 

21 

109105 

89.4 

21.5 

1.5 

3.2 

3.3 

1.3 

4.5 

15.8 

185.1 

133289 

OBS 

SAT  SFN  SSD  TNM 

TOS 

APR 

FMC 

MCR 

NMC 

MPH 

PMC 

1 

592 

921 

702 

7,7 

8.7 

69,4 

67.4 

87,8 

12.2 

34 

20.4 

2 

527 

823 

661 

9.7 

11.0 

77.1 

63.3 

84.9 

15.1 

37 

21.6 

3 

725 

1164 

841 

10.6 

8.9 

50.8 

63.3 

86.0 

14.0 

32 

22.6 

4 

688 

1040 

761 

8,2 

8.7 

47.8 

67.2 

87.6 

12.4 

32 

20.3 

5 

773 

1101 

870 

8.0 

7.0 

58.5 

71.2 

88.9 

11.1 

31 

17.8 

6 

821 

1247 

894 

6.4 

6.7 

48.9 

68.6 

90.1 

9.9 

44 

21.5 

7 

685 

1029 

764 

6.3 

6.6 

68.7 

69.7 

90.4 

9.6 

46 

20.7 

8 

778 

1196 

886 

7.2 

6.5 

72.2 

71.2 

89.9 

10.1 

52 

18.7 

9 

701 

1180 

769 

10. i 

7.9 

81.4 

62.7 

86.9 

13.1 

57 

24.2 

10 

838 

1272 

947 

9,6 

7.9 

69.2 

66.5 

86.3 

13.7 

63 

19.8 

11 

737 

1112 

834 

10.8 

8.4 

74,6 

65.5 

86.2 

13.8 

44 

20.7 

12 

517 

964 

705 

11.1 

9.8 

57.9 

57.8 

83.7 

16.3 

33 

25.9 

13 

754 

1213 

907 

10.0 

10.2 

71.4 

58.3 

84.1 

15.9 

45 

25.7 

14 

691 

1108 

823 

11.5 

12.2 

72.9 

61.5 

81,3 

18.7 

62 

19.8 

15 

878 

1419 

1021 

10.5 

9.4 

65.3 

61.8 

84.5 

15.5 

49 

22.7 

16 

891 

1427 

991 

8.1 

8.6 

72.5 

69.1 

87.6 

12.4 

58 

18.6 

17 

938 

1519 

1007 

10.1 

2.2 

71.9 

70.9 

86.4 

13.6 

41 

15.5 

18 

901 

1443 

983 

7.6 

6.1 

69.8 

71.6 

89.3 

10.7 

30 

17.7 

19 

799 

1371 

863 

7.9 

6.9 

71,7 

72.1 

88.5 

11.5 

33 

16,4 

20 

666 

1362 

761 

5.0 

4.4 

61.3 

73.7 

92.8 

7.2 

19 

19.0 

21 

580 

1221 

618 

4.7 

4.8 

66.7 

70.3 

92.0 

8.0 

14 

21.7 

119 


3.  RC-135V/N 


OBS 

MS 

AAR 

ABK 

ABR 

ASU 

ASD 

CNX 

CXR 

CAN 

CNR 

HFN 

LTO 

1 

3 

3.5 

15 

17.4 

8.0 

7.3 

2 

2.8 

13 

0.15 

628.3 

7 

2 

2 

2.3 

22 

25. 6 

8.1 

7.2 

3 

4.3 

7 

0.08 

623.4 

7 

3 

2 

1.7 

22 

18.3 

11.5 

7.8 

8 

7.8 

4 

0.03 

931.3 

7 

4 

1 

1.0 

8 

7.8 

9.7 

8.6 

1 

1.1 

13 

0.13 

889.7 

12 

5 

5 

4.1 

29 

23.8 

11.1 

7.5 

5 

4.6 

3 

0.02 

912.3 

5 

6 

3 

2.5 

33 

28.0 

10.7 

8.1 

2 

2.1 

•23 

0.19 

955.5 

8 

7 

3 

3.1 

22 

22.9 

9.5 

9.1 

4 

4.3 

8 

0.08 

869.7 

5 

8 

2 

2.2 

20 

22.5 

0.7 

8.2 

6 

7.3 

10 

0.11 

733.2 

9 

9 

0 

0.0 

22 

21.8 

9.2 

8.4 

3 

3.2 

13 

0.13 

852.7 

7 

10 

1 

0.9 

25 

23.4 

10.1 

8..  4 

5 

5.0 

10 

0.09 

903.7 

9 

11 

1 

1.2 

18 

21.7 

6.9 

8.7 

6 

7.4 

13 

0.16 

724.0 

3 

12 

0 

0.0 

15 

17.6 

8.7 

9.3 

10 

11.4 

14 

0.16 

792.1 

4 

13 

2 

2.4 

28 

33.7 

8.5 

8.5 

10 

12.7 

17 

0.20 

701.8 

12 

14 

0 

0,0 

24 

27.9 

7.8 

8.8 

2 

2.4 

11 

0.13 

756.5 

4 

15 

0 

0.0 

16 

15.2 

10.5 

7.8 

3 

3.5 

16 

0.15 

815.1 

6 

16 

0 

0.0 

17 

17.5 

11.6 

8.2 

5 

5.4 

8 

0.08 

792.5 

7 

17 

1 

1.1 

16 

17.4 

9.5 

7.7 

0 

0.0 

3 

0.03 

712.9 

8 

18 

4 

4.0 

21 

20.8 

11.5 

7.6 

13 

14.9 

5 

0.05 

768.5 

4 

19 

6 

5.5 

26 

23.9 

10.9 

8.0 

3 

2.8 

12 

0.11 

876.2 

10 

20 

1 

0.9 

9 

7.8 

11.3 

9.1 

2 

1.8 

6 

0.05 

1053.8 

5 

21 

0 

0.0 

12 

14.6 

7.6 

9.7 

3 

3.8 

6 

0.07 

792.8 

3 

OBS 

LTR 

MHE 

MHS 

MHF 

NMB 

NMM 

NNS 

PMB 

PMM 

PMS 

PSA 

1 

10.6 

31673 

368.3 

50.4 

12.2 

15.3 

6.0 

1.8 

10.9 

9.5 

10.8 

2 

11.3 

33233 

386.4 

53.3 

13.9 

15.8 

12.3 

2.4 

8.2 

8.3 

10.6 

3 

7.8 

32798 

273.3 

35.2 

9.8 

16.3 

11.9 

7.5 

8.8 

9.5 

10.4 

4 

13.3 

31012 

301.1 

34.9 

8.6 

12.2 

4.2 

5.7 

5.2 

20.6 

10.6 

5 

5.0 

32302 

264.8 

35.4 

9.5 

16.8 

5.0 

5.0 

5.7 

18.8 

10.9 

6 

8.9 

30708 

260.2 

32.1 

12.7 

15.1 

10.1 

1.1 

9.8 

16.7 

11.0 

7 

5.7 

24102 

251.1 

27.7 

7.8 

14.7 

4.8 

1.7 

4.0 

4.6 

10.1 

8 

12.0 

28776 

323.3 

39.2 

12.0 

11.1 

2.2 

2.6 

4.3 

15.4 

10.2 

9 

8.1 

27925 

276.5 

32.7 

13.5 

13.9 

2.1 

1.4 

6.3 

11.4 

11.0 

10 

10.1 

31645 

295.7 

35.0 

6.3 

13.6 

1.3 

2.0 

11.0 

6.5 

10.6 

11 

4.2 

28365 

341.7 

39.2 

13.7 

10.2 

1.8 

1.9 

3.8 

9.7 

12.1 

12 

5.2 

26375 

310.3 

33.3 

19.8 

13.3 

5.7 

2.0 

6.2 

11.9 

9.8 

13 

17.6 

27316 

329.1 

38.9 

23.2 

9.7 

15.6 

0.8 

4.3 

5.5 

9.8 

14 

5.1 

26083 

303.3 

34.5 

15.8 

6.4 

11.0 

0.6 

3.3 

5.8 

11.0 

15 

7.4 

27082 

257.9 

33.2 

13.1 

13.5 

11.6 

2.0 

8.0 

13.7 

10.0 

16 

8.1 

25304 

260.9 

31.9 

15.8 

15.8 

8.7 

1.1 

12.7 

4.5 

8.4 

17 

10.4 

27843 

302.6 

39.1 

9.6 

16.7 

10.2 

0.7 

4.2 

20.2 

9.7 

18 

5.7 

26195 

259.4 

34.1 

9.1 

18.4 

13.9 

0.2 

5.4 

9.1 

8.8 

19 

9.4 

24315 

223.1 

27.8 

16.4 

11.1 

6.0 

2.2 

11.0 

20.4 

10.0 

20 

4.6 

17311 

149.2 

16.4 

5.4 

8.8 

5.3 

0.3 

5.4 

14.5 

10.3 

21 

3.9 

15768 

192.3 

19.9 

16.7 

10.4 

6.2 

0.5 

7.2 

4.3 

10.9 

120 


OBS 

PSH 

SAT 

SFN 

SSD 

TNM 

TNS 

MR 

FMC 

MCR 

NMC 

NFH 

PMC 

1 

8004 

66 

86 

71 

27.5 

18.2 

40.0 

44.4 

66.6 

33.4 

6 

22.2 

2 

7391 

62 

86 

69 

29.7 

26.2 

50.0 

39.0 

58.0 

42.0 

11 

18.9 

3 

7746 

90 

120 

102 

26.1 

21.7 

50.0 

36.3 

62.0 

38.0 

11 

25.8 

4 

7616 

90 

103 

91 

20.8 

12.8 

12.5 

43.6 

75.1 

24.9 

1 

31.4 

5 

8144 

101 

122 

108 

26.3 

14.5 

34.5 

39.3 

68.7 

31.3 

10 

29.4 

6 

7904 

90 

118 

95 

27.8 

22.8 

30.3 

34.6 

62.1 

37.9 

10 

27.5 

7 

7547 

87 

96 

94 

22 . 6 

12.6 

59.1 

62.5 

72.7 

27.3 

13 

10.2 

8 

7600 

75 

89 

82 

23.2 

14.2 

50.0 

52.4 

74.7 

25.3 

10 

22.3 

9 

7913 

86 

101 

93 

27.4 

15.6 

40.9 

51.4 

70.5 

29.5 

9 

19.1 

10 

79ia 

39 

107 

100 

19.9 

7.6 

62.0 

59.2 

78.7 

21.3 

13 

19.5 

11 

8676 

72 

83 

81 

23.9 

15.5 

44.4 

58.9 

74.3 

25.7 

8 

15.4 

12 

7287 

77 

85 

88 

33.1 

25.4 

46.7 

41.1 

61.2 

38.8 

7 

20.1 

13 

7294 

68 

83 

79 

32.9 

38.8 

53.6 

40.9 

51.5 

48.5 

15 

10.6 

14 

7378 

79 

86 

85 

22.2 

26.8 

33.3 

57.2 

66.8 

33.2 

8 

9.6 

15 

7439 

81 

105 

86 

26.6 

24.7 

43.8 

38.2 

61.8 

38.2 

7 

23.6 

16 

6037 

86 

97 

S2 

31.6 

24.5 

23.5 

41.4 

59.7 

40.3 

4 

18.3 

17 

7199 

77 

92 

78 

26.3 

19.8 

43.8 

38.4 

63.5 

36.5 

7 

25,1 

18 

6312 

70 

101 

87 

27.5 

23,0 

52.4 

43.9 

58.6 

41.4 

11 

14.7 

19 

7440 

106 

109 

109 

27.5 

22.4 

30.8 

32.9 

66.5 

33.5 

8 

33.7 

20 

7632 

109 

116 

114 

14.2 

10.7 

44.4 

60.3 

80.5 

19.5 

4 

20.2 

21 

7817 

76 

82 

79 

27.1 

22.8 

16,7 

54.8 

66.7 

33.3 

2 

12.0 

4.  EX:-135A/C/G/L/N/Y 

OBS  AAB  AAR  ABK 

ABR 

ASU 

ASD 

CNX 

CXR 

CAN 

CNR 

HFN 

LTO 

LTR 

1 

0 

0,0 

75 

33.9 

9.2 

6.1 

8 

4.8 

25 

0.11 

1352.3 

11 

7.6 

2 

2 

0.9 

62 

29.4 

9.3 

5.8 

17 

9.7 

29 

0.14 

1216.8 

16 

11.3 

3 

4 

1.4 

97 

34.6 

11,7 

5.7 

7 

3.1 

18 

0.06 

1584.8 

23 

11.4 

4 

5 

1.9 

73 

27.9 

10,5 

5.5 

7 

3.7 

43 

0.16 

1429.1 

20 

11.7 

5 

4 

1.6 

67 

26.9 

9.6 

5.9 

5 

2.6 

15 

0,06 

1457.8 

10 

5.6 

6 

2 

0.8 

79 

30.9 

9.3 

5.6 

9 

4,7 

47 

0.18 

1442.7 

12 

6.9 

7 

8 

3.6 

98 

44.3 

8.2 

5.9 

9 

4.9 

31 

0.14 

1314.3 

16 

9.4 

8 

2 

0.8 

84 

32.7 

15.7 

5.6 

9 

4.5 

49 

0.19 

1449 . 5 

11 

6.0 

9 

2 

1.0 

85 

41.3 

5.9 

6.3 

8 

4.7 

37 

0.18 

1300.4 

11 

6.9 

10 

1 

0,4 

80 

34.6 

9.1 

6.0 

10 

4.9 

45 

0.19 

1392.8 

16 

8.7 

11 

0 

0.0 

75 

34.7 

8.6 

5.8 

11 

6.  4 

43 

0.20 

1249.7 

12 

8.0 

12 

0 

0.0 

75 

36.9 

8.2 

6.0 

16 

8.8 

27 

0.13 

1224.1 

15 

10.3 

13 

3 

1.3 

76 

32.1 

9,7 

5,9 

6 

3.2 

27 

0.11 

1398.9 

33 

7.4 

14 

0 

0,0 

101 

52.6 

7.5 

6.1 

9 

5.4 

35 

0.18 

1172.7 

14 

9.4 

15 

2 

0.9 

96 

42.9 

9.0 

6.1 

9 

4.7 

35 

0,16 

1372,7 

18 

10.8 

16 

0 

0.0 

140 

59.1 

9.9 

5.9 

0 

0.0 

24 

0.10 

1397.7 

14 

7.4 

17 

1 

0.4 

102 

44.0 

9.9 

6.0 

o 

./ 

4.5 

35 

0.15 

1401,8 

16 

8.6 

18 

0 

0.0 

71 

30.5 

10.0 

5.7 

2 

1.1 

15 

0.06 

1326.8 

11 

6.5 

19 

5 

2.5 

76 

37.8 

7.9 

5.5 

4 

2,5 

22 

0.11 

1112.5 

12 

8.0 

20 

3 

1.6 

58 

31.9 

7.4 

4.3 

9 

6.6 

32 

0.18 

789.5 

16 

12.7 

21 

0 

0.0 

41 

26.5 

6.7 

4.4 

3 

2.7 

12 

0.08 

685,7 

11 

10.3 

121 


OBS 

MHB 

MHS 

MHF 

NMB 

NMM 

NMS 

PMB 

PMM 

PMS 

PSA 

PSH 

1 

51863 

234.7 

38.4 

7.7 

7.8 

8.8 

3.9 

3.6 

7.5 

24.0 

17884 

2 

52507 

248.8 

43.2 

9.2 

9.8 

5.5 

1.5 

6.9 

7.2 

22.8 

15865 

3 

56848 

203.0 

35.9 

8.6 

7.9 

5.7 

1.9 

4.4 

16.1 

24.0 

17855 

4 

51814 

197.8 

36.3 

7.8 

7.2 

8.0 

1.3 

6.2 

12.0 

24.9 

17914 

5 

59468 

238.8 

40.8 

7.9 

6.0 

5.^ 

0.9 

3.4 

11.8 

25.9 

19271 

6 

51335 

200.5 

35.6 

11.3 

10.5 

6.6 

0.9 

12.7 

7.9 

27.6 

19872 

7 

48852 

221.0 

37.2 

11.9 

7.9 

11.7 

1.5 

7.1 

3.3 

27.0 

20088 

8 

49162 

191.3 

33.9 

7.7 

7.7 

9.7 

1.9 

4.6 

14.3 

16.3 

12155 

9 

42840 

208.  C 

32.9 

6.9 

10.7 

11.5 

0.9 

2.7 

7.6 

35.1 

25250 

10 

46774 

202.5 

33.6 

9.0 

11.5 

3.6 

3.8 

6.4 

8.9 

25.3 

18811 

11 

47958 

222.0 

38.4 

10.3 

15.4 

5.4 

0.8 

6.6 

5.5 

25.0 

18000 

12 

48227 

237.6 

39.4 

12.2 

17.4 

8.4 

1.1 

5.4 

3.9 

24.7 

18372 

13 

49173 

207.5 

35.2 

10.8 

11.7 

8.0 

2.3 

4.8 

6.0 

24.3 

18108 

14 

42723 

222.5 

36.4 

15.9 

11.6 

13.3 

1.1 

1.9 

4.6 

25.8 

17316 

15 

41411 

184.9 

30.2 

15.5 

7.0 

5.7 

1.2 

4.9 

4.1 

25.0 

18600 

16 

45238 

190.9 

32.4 

11.0 

20.0 

9.8 

0.7 

2.3 

8.6 

24.0 

17249 

17 

48887 

210.7 

34.9 

9.2 

13.8 

6.8 

1.1 

2.1 

7.6 

23.4 

17445 

18 

49600 

212.9 

37.4 

8,5 

12.2 

7.7 

2.0 

3.9 

7.4 

23.2 

16696 

19 

46554 

231.6 

41.8 

6.1 

17.4 

10.2 

1.3 

4.2 

9.9 

25.5 

18972 

20 

38184 

209.8 

48.4 

9.9 

7.3 

8.8 

3.3 

2.2 

9.4 

24.5 

18205 

21 

25392 

163.8 

37.0 

9.2 

6.3 

8.4 

1.0 

7.5 

6.8 

23.2 

16713 

OBS 

SAT 

SFN 

SSD 

TNM 

TNS 

AFR 

FMC 

MCR 

NMC 

NFH 

PMC 

i 

X 

145 

221 

167 

15.5 

16.5 

62.7 

60.7 

75.7 

24.3 

47 

15.0 

2 

141 

211 

175 

19.0 

14.7 

66.1 

59.9 

75.5 

24.5 

41 

15.6 

3 

201 

280 

223 

16.4 

14.2 

58.8 

55.5 

77.9 

22.1 

57 

22.4 

4 

171 

262 

189 

15.0 

15.9 

65.8 

57.5 

76.9 

23.1 

48 

19.4 

5 

180 

249 

195 

13.9 

13.3 

73.1 

64.6 

80.7 

19.3 

49 

16.1 

6 

175 

256 

191 

21.8 

17.9 

58.2 

50.1 

71.7 

28.4 

46 

21.6 

7 

170 

221 

185 

19.8 

23.6 

62.2 

56.6 

68.5 

31.4 

61 

11.9 

8 

184 

257 

202 

15.4 

17.4 

54.8 

54.1 

74.9 

25.1 

46 

20.9 

9 

160 

206 

172 

17.6 

18.3 

61.2 

57.7 

69.0 

29.0 

52 

11.2 

10 

183 

231 

204 

20.5 

12.6 

75.0 

56.8 

75.9 

24.1 

60 

19.1 

11 

150 

216 

172 

25.7 

15.7 

66.7 

56.0 

68.9 

31.5 

50 

12.9 

12 

145 

203 

182 

29.7 

20.6 

82.7 

51.5 

61.9 

38.1 

62 

10.4 

13 

176 

237 

180 

22.5 

18,8 

69.7 

56.8 

69.6 

30.4 

53 

13.1 

14 

149 

192 

166 

27.5 

29.2 

68.3 

51.7 

59.2 

40.8 

69 

7.5 

15 

167 

224 

191 

22.6 

21.2 

62.5 

53.8 

63.9 

36.4 

60 

10.1 

16 

188 

237 

195 

31.0 

20.7 

68.6 

47.6 

59.3 

40.7 

96 

11.7 

17 

186 

232 

201 

23.0 

16.0 

69.6 

59.3 

70.2 

29.8 

71 

10.9 

18 

169 

233 

178 

20.7 

16.2 

76.1 

58.3 

71.6 

28.4 

54 

13.3 

19 

150 

201 

158 

23.8 

16.3 

71.1 

50.9 

66.3 

33.7 

54 

15.4 

20 

126 

182 

137 

17.1 

17.0 

63.8 

59,2 

74.1 

25.9 

37 

14.9 

21 

107 

155 

110 

15.5 

17.6 

63.4 

60.7 

76.0 

24.0 

26 

15.3 

122 


5.  E-4B 


OBS 

AAB 

AAR 

ABK 

ABR 

ASU 

ASD 

CNX 

cm 

CAN 

CNR 

HFN 

LTO 

1 

2 

5.9 

6 

17.6 

11.3 

3.8 

0 

0.0 

1 

0.03 

128.1 

4 

2 

2 

6.9 

5 

17.2 

10.0 

4.9 

1 

3.6 

1 

0.03 

143.4 

8 

3 

2 

5.4 

6 

16.2 

12.3 

4.2 

4 

11.8 

0 

0.00 

156.1 

2 

4 

0 

0.0 

8 

24.2 

8.3 

5.1 

1 

3.1 

2 

0.06 

169.4 

3 

5 

3 

8.3 

10 

27.8 

12.0 

3.9 

6 

15.8 

0 

0.00 

142.1 

3 

6 

0 

0.0 

4 

13.8 

9.7 

3.7 

2 

6.3 

1 

0.03 

108.3 

1 

7 

1 

3.7 

8 

29.6 

11.6 

3.7 

2 

9.1 

0 

0.00 

101.2 

1 

8 

1 

1.8 

17 

30.9 

18.3 

3.3 

5 

11.1 

5 

0.05 

179.3 

3 

9 

0 

0.0 

8 

19.0 

12.1 

3.6 

0 

0.0 

2 

0.05 

150,7 

4 

10 

0 

0.0 

4 

10.0 

13.0 

4.0 

1 

2.7 

1 

0.03 

161.8 

2 

11 

0 

0.0 

4 

12.1 

11.0 

3.6 

1 

3.8 

3 

0.09 

119.9 

6 

12 

1 

3.4 

4 

13.8 

9.7 

4.8 

0 

0.0 

1 

0.03 

139.2 

2 

13 

0 

0.0 

10 

25.6 

13.0 

3.8 

2 

5.9 

3 

0.08 

150.1 

1 

14 

0 

0.0 

4 

8.3 

16.0 

3.5 

3 

6.8 

3 

0.06 

168.9 

2 

15 

0 

0.0 

2 

3.9 

17.0 

3.4 

1 

2.3 

0 

0.00 

175.5 

5 

16 

0 

0.0 

4 

9.1 

11.8 

4.3 

1 

2.4 

9 

0.20 

190.4 

1 

17 

0 

0.0 

6 

12.5 

13.1 

3.6 

1 

2.4 

4 

0.08 

173.9 

1 

18 

1 

2.4 

2 

4.8 

14.0 

2.6 

3 

7.7 

3 

0.07 

109.8 

0 

19 

1 

2.6 

1 

2.6 

13.0 

3.3 

0 

0.0 

0 

0.00 

129.4 

3 

20 

0 

0.0 

14 

32.6 

14.3 

3.2 

4 

9.3 

4 

0.09 

137.1 

2 

21 

0 

0.0 

18 

36.0 

14.1 

3.5 

3 

6.5 

7 

0.14 

175.9 

0 

OBS 

LTO 

MHE 

MHS 

MHF 

NMB 

NMM 

NMJJ 

PMB 

PMM 

PMS 

PSA 

1 

13.3 

4670 

137.4 

36.5 

4.2 

14.1 

0.6 

4.3 

0.5 

7,5 

3.0 

2 

29.6 

9580 

330.3 

66.8 

10.5 

18.1 

0,0 

0.0 

4.1 

0.0 

2.9 

3 

6.7 

8104 

219.0 

51.9 

0.0 

21.6 

0.0 

0.0 

2.7 

0.0 

3.0 

4 

9,7 

8253 

250.1 

48.7 

0.8 

7.0 

2.8 

1.1 

8.0 

4.7 

4.0 

5 

10.0 

10527 

292.4 

74.1 

9.8 

17.7 

4.2 

1.3 

4.6 

0.3 

3.0 

6 

4.0 

10892 

375.6 

100.6 

11.7 

32.1 

0.1 

0.0 

1.0 

0.0 

3.0 

7 

5.0 

5869 

217.4 

58.0 

12.5 

14.8 

0.0 

0.0 

0.6 

0.0 

2.3 

8 

7.5 

15812 

287.5 

88.2 

2.0 

22.3 

1.3 

0,3 

6.2 

0.0 

3.0 

9 

11.1 

10929 

260.2 

72.5 

4.5 

6.7 

5.9 

1.0 

10.0 

2.2 

3.5 

10 

5.6 

18734 

468.4 

115.8 

19.3 

5.5 

3.0 

0.0 

36.3 

0.0 

3.1 

11 

24.0 

10777 

326.6 

89.9 

25.0 

5.1 

4.1 

2.3 

3.1 

12.5 

3.0 

12 

8.7 

14262 

491.8 

102,5 

1.2 

7.1 

0.0 

13.3 

3.6 

47.0 

3.0 

13 

3.2 

11499 

294.8 

76.6 

2.8 

27.1 

1.8 

3.3 

2.2 

37.1 

3.0 

14 

5.0 

7849 

163.5 

46.5 

4.5 

18.0 

0.0 

9.6 

5.9 

26.2 

3.0 

15 

11.6 

9166 

179.7 

52.2 

1.8 

26.4 

0.0 

5.6 

29.4 

10.0 

3,0 

16 

2.6 

10561 

240.0 

55.5 

10.0 

14.8 

0.0 

0.1 

17.1 

12.7 

3.7 

17 

2.5 

9794 

204.0 

56.3 

0.6 

23.2 

0.2 

9.0 

14.5 

10.0 

3.7 

18 

0.0 

7606 

181.1 

69.3 

0.0 

27.5 

0.0 

1.5 

4.4 

24.8 

3.0 

19 

8.8 

6216 

159.4 

48.0 

0.5 

10.3 

9.7 

4.3 

6.3 

4.3 

3.0 

20 

5.1 

7896 

183.6 

57.6 

11.4 

18.2 

7.8 

1.3 

11.5 

2.7 

3,0 

21 

0.0 

6419 

128.4 

36.5 

10.3 

14.1 

0.0 

6.0 

7.6 

10.2 

3.5 

123 


OBS 

PSH 

SAT 

SFN 

SSD 

IWM 

TOS 

APR 

FMC 

MCR 

NMC 

NPH 

PMC 

1 

2232 

30 

34 

30 

18.3 

4.8 

83.3 

68.7 

81.1 

18.9 

5 

12.4 

2 

2016 

27 

29 

28 

28.6 

10.5 

80.0 

67.3 

71.4 

28.6 

4 

4.1 

3 

2232 

30 

37 

34 

21.6 

0.0 

83.3 

75.6 

78.3 

21.6 

5 

2.7 

4 

2864 

31 

33 

32 

7.8 

3.6 

62.5 

75.5 

89.4 

10.6 

5 

13.8 

5 

2232 

30 

36 

38 

17.2 

13.9 

40.0 

62.1 

68.4 

31.6 

4 

6.2 

6 

2160 

25 

29 

32 

43.8 

11.8 

50.0 

55.1 

56.1 

43.8 

2 

1.0 

7 

1727 

20 

27 

22 

27.3 

12.5 

87.5 

72.1 

72.7 

27.3 

7 

0.6 

8 

2232 

40 

55 

45 

24.3 

3.2 

64.7 

68.0 

74.5 

25.5 

11 

6.5 

9 

3506 

36 

42 

37 

11.4 

10.4 

75.0 

69.5 

82.8 

17.2 

6 

13.2 

10 

2290 

36 

40 

37 

24.8 

22.3 

75.0 

35.9 

72.2 

27.8 

3 

36.3 

11 

2160 

25 

33 

26 

30.1 

29.2 

50.0 

47.9 

65.7 

34.3 

2 

17.8 

12 

2232 

23 

29 

23 

8.3 

1.2 

100.0 

27.8 

91.7 

8.3 

4 

63.9 

13 

2232 

31 

39 

34 

29.9 

4.7 

40.0 

25.7 

68.3 

31.7 

4 

42.6 

14 

2016 

40 

48 

44 

22.5 

4.5 

25.0 

35.8 

77.5 

22.5 

1 

41.7 

15 

2232 

43 

51 

44 

28.2 

1.8 

0.0 

26.7 

71.8 

28.2 

0 

45.1 

16 

2676 

39 

44 

42 

24.8 

10.0 

100.0 

45.3 

75.1 

24.9 

4 

29.9 

17 

2723 

40 

48 

41 

23.8 

0.8 

0.0 

42.5 

76.0 

24.0 

0 

33.5 

13 

2160 

34 

42 

39 

27.5 

0.0 

50.0 

41.7 

72.5 

27.5 

1 

30.7 

19 

2232 

34 

39 

36 

10.8 

10.1 

100.0 

64.6 

79.5 

20.5 

1 

14.9 

20 

2232 

39 

43 

43 

29.7 

19.2 

64.3 

47.1 

62.5 

37.5 

9 

15.5 

21 

2549 

41 

50 

46 

24.4 

10.3 

50.0 

51.8 

75.6 

24.4 

9 

23.8 

. B-IB 


CBS 

AAB 

AAR 

ABK 

ABR 

ASU 

ASD 

CNX 

CXR 

CAN 

CNR 

HFN 

LTO 

LTR 

1 

20 

4.6 

167 

38.6 

5.7 

4.5 

64 

16.3 

488 

16.3 

1930.9 

57 

21.3 

2 

22 

5.6 

160 

40.5 

5.1 

4.7 

58 

15.2 

476 

15.2 

1867.0 

46 

20.1 

3 

12 

2.7 

165 

37.5 

6.0 

5.0 

41 

9.6 

527 

9.6 

2206.6 

50 

19.9 

4 

29 

6.3 

154 

33.5 

6.1 

4.9 

38 

8.9 

378 

8.9 

2255.5 

44 

15.9 

5 

46 

8.6 

214 

39.9 

7.2 

4.7 

51 

10.9 

519 

10.9 

2540.8 

73 

20.9 

6 

39 

7.4 

209 

39.5 

6.9 

4.5 

49 

12.2 

395 

12.2 

2362.3 

68 

20.4 

7 

34 

7.5 

159 

34.9 

6.0 

4.4 

30 

8.7 

535 

8.7 

2018.4 

62 

21.4 

8 

31 

5.9 

165 

31.4 

10.9 

4.2 

31 

7.8 

522 

7.8 

2200.9 

57 

17.1 

9 

22 

4.9 

119 

26.7 

4.6 

4.1 

26 

8.3 

350 

8.3 

1844.5 

37 

14.3 

10 

19 

3.5 

159 

29.1 

7.5 

4.4 

25 

6.3 

580 

6.3 

2381.8 

54 

15.7 

11 

24 

5.2 

123 

26.6 

6.4 

4.4 

60 

16.3 

397 

16.3 

2026.3 

55 

19.8 

12 

13 

3.6 

127 

34.8 

5.0 

4.4 

45 

13.3 

473 

13.3 

1602.3 

44 

22.1 

13 

22 

4.4 

185 

36.8 

7.0 

4.8 

48 

12.6 

363 

12  6 

2410.9 

59 

21.5 

14 

18 

4.1 

137 

31.4 

6.1 

4.8 

42 

11.7 

418 

11.7 

2080.6 

49 

19.2 

15 

28 

5.1 

181 

32.8 

7.7 

4.5 

43 

10.7 

470 

10.7 

2469.5 

51 

16.9 

16 

30 

5.8 

155 

29.8 

7.2 

4.5 

31 

8.8 

320 

8.8 

2331.8 

44 

15.6 

17 

29 

5.6 

173 

33.2 

7.3 

4.4 

32 

8.3 

369 

8.3 

2296.9 

45 

14.0 

18 

37 

7.1 

144 

27.8 

6.8 

4.2 

38 

10.8 

377 

10.8 

2175.1 

65 

21.3 

19 

25 

5.0 

156 

31.0 

7.0 

4.1 

21 

6.5 

223 

6.5 

2090.5 

50 

17.1 

20 

29 

5.8 

165 

32.8 

6.9 

4.4 

33 

9.9 

385 

9.9 

2208.3 

59 

20.0 

21 

15 

4.0 

96 

25.6 

4  9 

4.5 

17 

6.8 

426 

6.8 

1653.6 

46 

20.0 

124 


OBS 

MHE 

MHS 

MHF 

NMB 

NMM 

NMS 

PMB 

PMM 

PMS 

PSA 

PSH 

1 

118266 

273.1 

61.2 

16.8 

19.9 

16.6 

12.3 

4.3 

30.1 

76.5 

56937 

2 

120345 

304.7 

64.5 

17.8 

19.9 

16.6 

14.6 

1.8 

29.4 

73.3 

49277 

3 

142641 

324.2 

64.6 

14.1 

15.5 

20.4 

10.2 

G.6 

33.2 

73.1 

54361 

4 

139590 

303.5 

61.9 

15.8 

13.5 

22.3 

6.9 

7.5 

34.0 

74.9 

53935 

5 

131286 

244.9 

51.7 

13.7 

19.1 

19.7 

6.5 

4.0 

37.1 

74.7 

55544 

S 

117504 

222. 1 

49.7 

13.6 

13.4 

23.3 

8.2 

5.9 

35.5 

76.1 

54813 

7 

134599 

295.6 

66.7 

15.3 

11.7 

18.6 

11.6 

8.2 

34.6 

75.3 

56045 

8 

139845 

265.9 

63.5 

15,8 

15.4 

18.6 

18.8 

6.1 

24.2 

48.3 

35972 

9 

117344 

263.1 

63.6 

13.7 

13.7 

21.0 

12.8 

2.8 

36.0 

97.7 

70324 

10 

146929 

269.1 

61.7 

12.6 

14.6 

23.4 

15.5 

6.9 

27.0 

72.7 

54086 

11 

122053 

264.2 

60.2 

13.8 

11.1 

23.7 

16.4 

6.3 

28.7 

71.7 

51619 

12 

11P984 

326.0 

74.3 

14.1 

15.2 

23.5 

12.7 

7.1 

27.4 

73.7 

54815 

13 

131916 

262.3 

54.7 

11.8 

11.5 

25.0 

11.6 

9.2 

30.9 

72.1 

53662 

14 

121608 

278.3 

58.4 

14.2 

13.1 

19.0 

14.5 

8.6 

30.6 

71.8 

48263 

15 

136792 

248.3 

55.4 

15.3 

13.4 

17.4 

16.0 

7.5 

30.3 

71.4 

53099  r 

16 

122392 

235.4 

52.5 

11.8 

12.3 

16.8 

17.1 

8.3 

33.8 

72.0 

51847 

17 

126619 

243.0 

55.1 

8.0 

11.5 

18.3 

21.0 

9.1 

32.1 

71.6 

53265 

18 

112866 

217.9 

51.9 

11.5 

14.1 

18.1 

15.6 

7.8 

32.9 

76.0 

54710 

19 

91634 

181.8 

43.8 

9.8 

12.3 

18.9 

19.6 

10.4 

29.0 

71.5 

53208 

20 

107997 

214.7 

48.9 

9.7 

13.2 

20.4 

18.5 

13.3 

24.9 

72.5 

53933 

21 

104257 

281.0 

63.0 

9.2 

11.4 

21.6 

16.8 

10.3 

30.7 

75.2 

54117 

OBS 

SAT 

SFN 

SSD 

TNM 

TNS 

APR 

PMC 

MCR 

NMC 

NFH 

PMC 

1 

267 

433 

392 

36.7 

33.4 

49.7 

0.0 

46.7 

53.3 

83 

46.7 

2 

229 

395 

381 

37.6 

34.4 

55.0 

0.0 

45.8 

54.2 

88 

45.8 

3 

251 

440 

425 

29.6 

34.5 

52.7 

0.0 

50.0 

50.0 

87 

50.0 

4 

276 

450 

427 

29.3 

38.2 

61.7 

0.0 

48.4 

51.6 

95 

48.4 

5 

349 

536 

468 

32.8 

33.4 

41.1 

0.0 

47.5 

52.5 

88 

47.5 

6 

334 

529 

401 

27.0 

35.9 

43.1 

0.3 

49.7 

50.3 

90 

49.6 

7 

290 

455 

343 

27.0 

33.9 

51.6 

0.0 

54.4 

45.6 

82 

54.4 

8 

333 

526 

396 

31.3 

34.4 

54.5 

’  .1 

50.2 

49.8 

90 

49.1 

9 

259 

446 

314 

27.4 

34.6 

61.3 

0.0 

51.6 

48.4 

73 

51.6 

10 

343 

546 

396 

27.3 

36.1 

60.4 

0.0 

49.3 

50.7 

96 

49.3 

11 

278 

462 

368 

24.9 

37.5 

58.5 

C  0 

51.4 

48.6 

72 

51.4 

12 

199 

365 

339 

29.3 

37.6 

42.5 

0.0 

47.2 

52.8 

54 

47.2 

13 

275 

503 

381 

23.3 

36.7 

66.5 

0.0 

51.7 

48.3 

123 

51.-7 

14 

255 

437 

358 

27.3 

33.1 

58.4 

0.0 

53.7 

46.3 

80 

53.7 

15 

302 

551 

402 

28.7 

32.8 

64.1 

0.0 

53.9 

46.1 

116 

53.9 

16 

282 

520 

353 

24.1 

28.6 

61.9 

0.0 

59.2 

40.9 

96 

59.2 

17 

322 

521 

3C6 

19.5 

26.3 

63. C 

0.0 

62.2 

37.8 

109 

62 . 2 

18 

305 

518 

352 

25.6 

29.6 

59.7 

0.0 

56.3 

43.7 

86 

56.3 

19 

292 

504 

325 

22.1 

28.7 

55.1 

0.0 

59.0 

41.0 

86 

59.0 

20 

295 

503 

333 

22.9 

30.1 

60.0 

0.0 

56.7 

43.3 

99 

56.7 

21 

230 

371 

250 

20.6 

30.8 

45.3 

0.0 

57.9 

42.1 

43 

57.9 

.125 


7.t,..lb52H 


OBS 

AAB 

AAR 

ABC 

ABR 

ASU 

ASD 

cm 

(3XR 

CAN 

CNR 

HFN 

LTO 

LTO 

1 

3 

0.7 

206 

47.2 

5.3 

6.1 

13 

3.6 

201 

0.46 

2643.7 

37 

11.9 

2 

3 

0.8 

221 

55.5 

5.0 

6.2 

15 

4.4 

219 

0.55 

2463.5 

45 

16.4 

3 

5 

0.9 

243 

43.7 

6.9 

6.8 

17 

3.4 

124 

0.22 

3782.7 

37 

8.4 

4 

4 

0.9 

209 

46.0 

5.5 

6.4 

20 

5.6 

231 

0.51 

2896.3 

29 

9.2 

5 

6 

1.3 

232 

49.9 

5.7 

6.5 

19 

5.2 

223 

0.48 

3003.6 

44 

13.7 

6 

2 

0.4 

213 

41.9 

6.3 

6.0 

16 

3.9 

157 

0.31 

3047.1 

41 

11.3 

7 

2 

0.5 

205 

47.3 

5.3 

6.3 

2 

0.6 

184 

0.42 

2749.1 

41 

12.9 

8 

8 

1.7 

218 

46.3 

5.8 

6.4 

12 

3.0 

211 

0.45 

3027.8 

26 

7.1 

9 

0 

0.0 

165 

37.2 

5.4 

6.1 

8 

2.1 

255 

0.58 

2714.6 

22 

6.1 

10 

6 

1.3 

200 

42.3 

5.8 

6.1 

17 

4.3 

242 

0.51 

2896.4 

44 

12.0 

11 

8 

1.8 

158 

35.1 

5.4 

6.3 

12 

3.1 

177 

0.39 

2836.3 

53 

15.3 

12 

3 

0.8 

126 

32.7 

4.7 

5.6 

25 

7.4 

198 

0.51 

2147  .cl 

50 

18.1 

13 

6 

1.3 

173 

38.3 

5.5 

6.3 

10 

2.7 

253 

0.56 

2865.6 

39 

11.7 

14 

4 

1.0 

128 

31.5 

5.0 

6.4 

16 

4.6 

222 

0.55 

2586.4 

35 

11.4 

15 

8 

1.6 

161 

31.9 

6.2 

6.0 

24 

5.4 

223 

0.44 

3049.4 

41 

10.1 

16 

6 

1.2 

141 

29.3 

6.0 

5.9 

11 

2.9 

178 

0.37 

2847.0 

43 

12.5 

17 

6 

13 

153 

34.0 

5.7 

6.3 

14 

3.7 

178 

0.40 

2852.2 

32 

9.4 

18 

5 

1.1 

167 

36.3 

6.0 

6.0 

15 

4.3 

171 

0.37 

2773.8 

35 

11.0 

19 

2 

0.4 

163 

34.0 

6.0 

6.6 

12 

3.4 

156 

0.35 

3144.0 

37 

11.1 

20 

3 

0.6 

182 

35.2 

6.3 

6.2 

19 

4.6 

227 

0.44 

3198.2 

41 

10.6 

21 

1 

0.3 

127 

37.6 

4.1 

6.4 

7 

2.6 

237 

0.70 

2174.5 

33 

13.2 

OBS 

MHE 

MRS 

NHF 

NMB 

NMM 

NMS 

PMB 

PMM 

PMS 

PSA 

PSH 

1 

129268 

296.5 

48.9 

8.4 

9.1 

3.6 

0.2 

5.1 

3.7 

81.8 

60827 

2 

138319 

347.5 

56.1 

9.4 

11.1 

3.8 

0.4 

7.5 

4,1 

79.4 

55282 

3 

153242 

275.6 

40.5 

9.9 

9.4 

4.5 

1.0 

4.9 

6.3 

81,0 

60281 

4 

139782 

307.9 

48.3 

10.1 

7.6 

8.4 

0.6 

2.9 

6.2 

82.0 

59035 

5 

157972 

339.7 

52.6 

8.1 

9.7 

4.8 

0.9 

2.2 

8.5 

82.1 

61095 

6 

165596 

326.0 

54.3 

8.2 

8.1 

2.9 

1.0 

5.5 

7.0 

81.1 

58362 

7 

116320 

268.6 

42.3 

8.9 

9.0 

6.1 

1.2 

4.3 

10.4 

81.5 

60651 

8 

138618 

294.3 

45.8 

7.5 

7.9 

6.1 

0.5 

7.1 

10.3 

81.8 

60890 

9 

131319 

296.4 

48.4 

8.9 

7.3 

6.6 

0.9 

4.8 

8.9 

82.2 

59194 

10 

157346 

332.7 

54.3 

9.5 

9.6 

6.6 

0.9 

4.5 

5.4 

82.0 

61012 

11 

141864 

315.3 

50.0 

8.3 

9.1 

5.8 

0.9 

6.3 

8.7 

82.7 

59533 

12 

131103 

340.5 

61.1 

8.5 

9.4 

3.9 

1.7 

8.9 

12.2 

82.4 

61341 

13 

140604 

311.1 

49.1 

8.0 

10.9 

3.6 

2.0 

7.1 

10.2 

82.6 

61450 

14 

136068 

335.1 

52.6 

7.3 

8.6 

4.9 

1.3 

7.3 

11.6 

80.7 

54201 

15 

166691 

330.1 

54.7 

7.6 

10.2 

3.5 

3.4 

9.3 

10.2 

81.8 

60892 

16 

166383 

345.2 

58.4 

7.2 

9.4 

4.2 

1.0 

10.1 

4.3 

80.2 

57742 

17 

160629 

357.0 

56.3 

5.7 

8.7 

3.6 

0.8 

8.2 

7.5 

79.4 

59043 

18 

143260 

311.4 

51.6 

6.0 

10.6 

2.5 

1.7 

6.9 

6.1 

76.9 

55352 

19 

143220 

298.4 

45.6 

7.4 

10.1 

3.9 

1.8 

6.1 

5.0 

80.1 

59560 

20 

142783 

276.2 

44.6 

6.0 

11.5 

5.9 

1.4 

8.1 

10.5 

82.0 

60986 

21 

95571 

282.8 

44.0 

6.6 

7.7 

3.9 

1.6 

7.5 

18.2 

82.1 

59101 

126 


OBS 

SAT 

SFN 

SSD 

TNM 

TMS 

APR 

FTC 

rCR 

NMC 

NFH 

PMC 

1 

312 

436 

362 

17.5 

12.0 

73.8 

69.9 

78.9 

21.1 

152 

9.0 

2 

275 

398 

339 

20.5 

13.2 

70.1 

63.7 

75.7 

24.3 

155 

11.9 

3 

442 

556 

494 

19.3 

14.4 

66.3 

64.0 

76.3 

23.7 

161 

12.2 

4 

315 

454 

357 

17.7 

18.4 

72.2 

64.3 

74.0 

26.0 

151 

9.6 

5 

322 

465 

367 

17.8 

12.9 

68.5 

65.9 

77.4 

22.6 

159 

11.9 

6 

364 

508 

406 

16.3 

11.1 

73.7 

71.1 

80.8 

19.2 

157 

13.5 

7 

318 

433 

339 

15.0 

17.8 

64.9 

60.1 

76.0 

24.0 

133 

15.9 

8 

367 

471 

397 

15.4 

13.7 

73.9 

60.5 

78.4 

21.6 

161 

17.9 

9 

363 

443 

382 

16.3 

15.5 

67.3 

62.6 

77.2 

22.8 

111 

14.5 

10 

368 

473 

395 

19.2 

IS.l 

60.0 

63.4 

74.2 

25.8 

120 

10.8 

11 

346 

450 

390 

17.3 

14.0 

69.0 

60.9 

76.9 

23.1 

109 

16.0 

12 

277 

385 

339 

17.9 

12.4 

70.6 

55.4 

78.2 

21.8 

89 

22.8 

13 

333 

452 

364 

18.8 

11.5 

76.9 

58.3 

77.6 

22.4 

133 

19.3 

14 

306 

406 

347 

15.9 

12.2 

74.2 

59.0 

79.2 

20.8 

95 

20.2 

15 

407 

505 

447 

17.8 

11.0 

68.9 

55.8 

78.7 

21.3 

111 

22.9 

16 

344 

482 

384 

16.6 

11.4 

77.3 

63.8 

79.2 

20.8 

109 

15.4 

17 

339 

450 

377 

14.4 

9.3 

77.8 

65.5 

82.0 

18.0 

119 

16.5 

18 

318 

460 

348 

16.6 

8.5 

83.8 

66.2 

80.9 

19.1 

140 

14.7 

19 

333 

480 

355 

17.5 

11.4 

77.3 

65.7 

78.6 

21.4 

126 

12.9 

20 

387 

517 

411 

17.4 

11.9 

63.2 

56.7 

76.7 

23,3 

115 

20.0 

21 

250 

338 

265 

14.3 

10.5 

77.2 

54.5 

81.8 

18.2 

98 

27.3 

8.  B-52G 


OBS 

AAB 

AAR 

ABK 

ABR 

ASU 

ASO 

CNX 

CXR 

CAN 

CNR 

HFN 

LTO 

LTR 

1 

7 

0.9 

299 

37.5 

5.3 

6.3 

21 

3.1 

305 

0.38 

5029.9 

85 

14.5 

2 

11 

1.5 

256 

35.7 

4.8 

6.9 

21 

3.1 

288 

0.40 

4958.7 

72 

12.3 

3 

9 

i.O 

417 

47.2 

5.9 

7.6 

7 

0.9 

293 

0.33 

6741.0 

80 

11.3 

4 

6 

0.7 

348 

40.9 

5,9 

6  7 

6 

0.9 

294 

0.35 

5723.1 

66 

10.3 

5 

10 

1.1 

390 

41.2 

6.3 

6,  > 

16 

2.0 

277 

0.29 

6485.1 

71 

9.4 

6 

7 

0.8 

337 

40.2 

6.5 

6.4 

14 

2.0 

292 

0.35 

5400.9 

73 

11.2 

7 

11 

1.4 

252 

31.9 

5,6 

6.5 

6 

1.0 

259 

0.33 

5128.4 

53 

8.9 

8 

6 

0.7 

316 

39.0 

5.8 

6.5 

9 

1.4 

246 

0.30 

5304.4 

64 

10.7 

9 

8 

1.1 

249 

34.0 

5.3 

6.6 

9 

1.6 

166 

0.23 

4837.7 

44 

8.3 

10 

6 

0.8 

309 

38.8 

5.8 

6.9 

10 

1.5 

227 

0.29 

5458.0 

52 

8.4 

11 

5 

0.8 

237 

36.0 

5.0 

6,9 

8 

1.4 

173 

0.26 

4525.0 

65 

12.4 

12 

7 

1.2 

182 

29.9 

4.7 

6.3 

18 

3.6 

197 

0,32 

3808.0 

56 

13.8 

13 

6 

0.8 

244 

31.0 

6.0 

6.5 

23 

3.3 

234 

0.30 

5138.7 

66 

10,7 

14 

6 

0.9 

224 

33.3 

5.1 

6.6 

10 

1.8 

157 

0.23 

4447.9 

63 

12.5 

15 

14 

1.8 

238 

31.4 

5.8 

7.2 

15 

2.5 

181 

0.24 

5457.9 

59 

10.9 

16 

11 

1.7 

225 

33.8 

5.2 

6.8 

22 

3.9 

196 

0.29 

4553.0 

50 

9.8 

17 

14 

1.8 

282 

36.0 

6.1 

6.9 

18 

2.9 

224 

0.29 

5398,1 

70 

12.3 

18 

5 

0.8 

189 

28.8 

5.0 

6.6 

9 

1.8 

179 

0.27 

4308.9 

69 

14.7 

19 

10 

1.5 

198 

29.7 

5.3 

6.3 

12 

2.4 

151 

0.23 

4201.4 

59 

12.4 

20 

8 

1.4 

249 

43.5 

4.8 

6.8 

8 

1.8 

162 

0.28 

3877.6 

41 

10.4 

21 

10 

2.2 

180 

39.0 

3.8 

6.7 

17 

4,7 

221 

0.48 

3067.8 

54 

17,0 

127 


OBS 

MKE 

MHS 

MHF 

NMB 

N>1M 

NMS 

PMB 

PHM 

PMS 

PSA 

PSH 

1 

357471 

448.0 

71.1 

7.1 

9.9 

9.0 

1.4 

3.8 

10.3 

151 . 7 

112880 

2 

349063 

486.2 

70.4 

6.9 

9.0 

6.1 

0.4 

4.5 

8.9 

150.€ 

101226 

3 

385631 

436.7 

57.2 

7.7 

12.0 

4.7 

0.3 

4.1 

6.0 

148.8 

110719 

4 

300092 

353.0 

52.4 

8.0 

8.8 

7.7 

0.7 

4.4 

7.4 

144.3 

103905 

5 

347376 

367.2 

53.6 

7.8 

10.0 

5.3 

0.8 

4.3 

5,0 

150.5 

108328 

6 

300518 

358.2 

55.6 

7.2 

10.3 

5.6 

1.5 

4.4 

8.4 

129.4 

93199 

7 

285241 

361.5 

55.6 

5.5 

9.3 

4.7 

0.6 

3.5 

9.9 

141.3 

105096 

8 

310827 

383.7 

58.6 

6.4 

10.0 

5.2 

2.0 

4.8 

8.7 

138.8 

103251 

9 

278099 

379.9 

57.5 

6.4 

9.8 

4.0 

1.6 

5.3 

11.0 

137.5 

98997 

10 

329771 

414.3 

60.4 

7.5 

10.4 

6.3 

1.3 

4.8 

10.7 

136.2 

101338 

11 

267714 

406.9 

59.2 

5.1 

10,0 

7.1 

1-1 

4.8 

7.7 

130.7 

94087 

12 

228803 

376.3 

60.1 

4.9 

9.8 

6.0 

1.2 

5.2 

6.5 

128.1 

95329 

13 

271986 

346.0 

52.9 

5.1 

10.2 

4.4 

0.3 

4.2 

4.2 

130.0 

96686 

14 

199468 

296.8 

44.8 

4.8 

10.6 

5.7 

0.2 

2.8 

2.9 

131.4 

88286 

15 

257753 

340.5 

47.2 

4.8 

12.2 

5.9 

0.2 

5.2 

2.6 

129.4 

96281 

16 

245059 

368.5 

53.8 

4.8 

8.9 

5.2 

0.8 

4.4 

4.1 

127.9 

92121 

17 

252337 

321.9 

46.7 

6.9 

10.0 

5.7 

0.2 

4.0 

4.3 

129.2 

96119 

18 

201887 

307.3 

46.9 

7.1 

9.2 

4.4 

0.7 

3.0 

3.7 

130.4 

93917 

19 

171569 

257.6 

40.8 

5.1 

10.0 

6.0 

0.2 

3.7 

2.9 

124.8 

92839 

20 

184586 

322.1 

47.6 

3.7 

9.3 

5.6 

0.3 

4.1 

4.1 

119.5 

88906 

21 

156881 

340.3 

51.1 

5.7 

9.6 

7.1 

0.4 

3.5 

4.3 

122.6 

88306 

OBS 

SAT 

SFN 

SSD 

TNM 

TOS 

AFR 

FHC 

MCE 

NMC 

NFH 

PMC 

1 

586 

798 

673 

17.0 

16.1 

66.2 

58.4 

74.0 

26.0 

198 

15.6 

2 

585 

718 

670 

15.9 

13.0 

69.9 

64.1 

78.0 

22.0 

179 

13.9 

3 

707 

883 

755 

19.7 

12.4 

71.2 

65.1 

75. C 

24.4 

297 

10.5 

4 

643 

850 

688 

16.8 

15.8 

75.0 

63,0 

75.5 

24.5 

261 

12.5 

5 

759 

946 

807 

17.7 

13.1 

78.7 

66.1 

77.0 

23.0 

307 

10.9 

6 

651 

839 

696 

17.5 

12.8 

69.4 

63.7 

76.9 

23.1 

234 

14.3 

7 

593 

789 

620 

14.8 

10.2 

78.2 

65.7 

bO.5 

19.5 

197 

14.0 

8 

598 

810 

644 

16.4 

11.6 

71.5 

63.0 

78.5 

21.5 

226 

15.5 

9 

532 

732 

574 

16.2 

10.4 

76.3 

61.9 

79.8 

20.2 

190 

18.0 

10 

621 

796 

674 

17.8 

13.8 

77.0 

59.1 

75.9 

24.1 

238 

IS. 8 

11 

523 

658 

584 

15.1 

12.1 

74.7 

64.3 

77.9 

22.1 

177 

13.6 

12 

407 

608 

499 

14.7 

10.9 

73.6 

66. 4 

79.3 

20.7 

134 

12.8 

13 

616 

786 

700 

15.3 

9.5 

81.6 

71.5 

80.3 

19.7 

199 

8.8 

14 

503 

672 

565 

15.3 

10.5 

76.3 

73.0 

78.9 

21.1 

171 

5.9 

15 

543 

757 

592 

17.0 

10.8 

74.8 

69.0 

77.0 

23.0 

178 

8.1 

16 

510 

665 

566 

13.7 

10.0 

81.3 

71.7 

81.1 

18.9 

183 

9.4 

17 

570 

784 

613 

16.9 

12.6 

78.0 

68.8 

77.4 

22.6 

220 

8.6 

13 

470 

657 

493 

16.3 

11.5 

78.8 

71.8 

79.2 

20.8 

149 

7.4 

19 

476 

666 

509 

15.1 

il.O 

68.7 

72.2 

79.0 

21.0 

136 

6,8 

20 

393 

573 

440 

13.0 

9.3 

71.9 

72.9 

81.4 

18.6 

179 

8.5 

21 

318 

461 

358 

15.3 

12.8 

66.1 

69.4 

77.6 

22.4 

119 

8 . 2 
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OBS 

AAB 

AAR 

ABK 

ABR 

ASU 

ASD 

cm 

CXR 

CAN 

CNR 

HFN 

LTO 

1 

4 

1.0 

03 

20.3 

8.3 

3.1 

21 

6.4 

109 

0.27 

1255.8 

21 

2 

4 

0.9 

90 

20.7 

9.0 

2.9 

15 

4.2 

86 

0.20 

1256.2 

21 

3 

3 

0.6 

102 

19.6 

10.2 

3.3 

25 

6.4 

123 

0.24 

1696.3 

20 

4 

4 

0.7 

97 

17.8 

11.2 

3.1 

18 

4.8 

136 

0.25 

1689.1 

15 

b 

2 

0.4 

82 

14.6 

11.4 

2.6 

10 

2.7 

130 

0.25 

1481.6 

10 

6 

5 

1.0 

68 

13.1 

10.7 

3.3 

19 

5.0 

162 

0.31 

1696.1 

24 

7 

1 

0.2 

60 

13.1 

9.5 

3.2 

3 

0.9 

101 

0.22 

1446.9 

28 

8 

1 

0.2 

88 

18.4 

9.7 

3.2 

8 

2.3 

233 

0.49 

1506.0 

26 

9 

3 

0.8 

66 

17.5 

7.6 

3.5 

14 

4.6 

120 

0.32 

1335.3 

12 

10 

4 

0.9 

72 

15.8 

9.4 

3.5 

10 

2.8 

170 

0.37 

1615.7 

24 

11 

2 

0.4 

56 

12.5 

9.4 

2.8 

24 

6.1 

120 

0.27 

1265.3 

18 

12 

2 

0.5 

62 

16.6 

7.6 

3.3 

31 

9.9 

141 

0.38 

1221.2 

11 

13 

5 

1.1 

70 

15.9 

9.2 

3.1 

12 

3.6 

163 

0.37 

1374.4 

15 

14 

3 

0.6 

63 

12.6 

10.7 

3.3 

13 

3.4 

128 

0.26 

1631.6 

21 

15 

5 

0.9 

76 

13.9 

12.3 

3.2 

26 

6.4 

143 

0.26 

1751.9 

22 

16 

0 

0.0 

62 

13.3 

10.3 

3.3 

18 

4.8 

147 

0.31 

1521.8 

20 

17 

1 

0.2 

53 

12.6 

9.4 

3.0 

li 

3.5 

132 

0.31 

1252.1 

15 

18 

1 

0.2 

42 

8.3 

11.2 

2.9 

8 

2.6 

101 

0.20 

1463,2 

22 

19 

1 

0.3 

43 

11.7 

8.9 

3.0 

13 

5.3 

80 

0.22 

1093.8 

15 

20 

0 

0.0 

41 

12.8 

10.4 

2.7 

2 

0.9 

91 

0.28 

866.0 

15 

21 

0 

0.0 

18 

14.8 

5.7 

3.4 

2 

2.2 

60 

0.49 

411.5 

3 

OBS 

LTR 

MHE 

MKS 

MHF 

NMB 

NMM 

NMS 

PMB 

PMM 

PMS 

PSA 

PSH 

1 

8.1 

64171 

155.9 

51.1 

6.2 

11.9 

8.8 

0.2 

1.6 

12.0 

49.2 

36584 

2 

7.6 

51011 

117.5 

40.6 

5.5 

12.6 

6.8 

0.5 

2.4 

5.8 

48.3 

33603 

3 

5.9 

64972 

124.7 

38,3 

4.4 

11.4 

8.2 

1.3 

2.S 

2.2 

50.9 

37862 

4 

4.3 

51026 

93.6 

30.2 

8.6 

8.1 

8.0 

0.0 

2.1 

3.2 

48.7 

35042 

5 

2.9 

60141 

106.8 

40.6 

6.2 

0.3 

6.7 

0,0 

1.0 

0.7 

49.2 

36596 

6 

6.9 

27664 

53.4 

16.3 

5.1 

9.0 

8.4 

0.0 

1.7 

2.9 

48.4 

34860 

7 

8.8 

45566 

99.3 

31.5 

3.5 

6,8 

7.6 

0.0 

0.8 

5.0 

48,2 

35852 

8 

7.9 

56228 

117.9 

37.3 

2.8 

7.5 

9.9 

0.0 

0.9 

4.0 

49.0 

36434 

9 

4.3 

42747 

113.1 

32.0 

3.9 

8.4 

8.8 

0.7 

1.1 

1.2 

50.0 

36000 

10 

7.6 

51618 

113.2 

31.9 

4.1 

10.3 

5.9 

0.0 

1.3 

2.1 

48.6 

36170 

11 

5.7 

46893 

104.4 

37.1 

5.5 

12.4 

7,2 

0.0 

0.8 

0.3 

47.5 

34221 

12 

4.6 

38113 

101.9 

31.2 

4.5 

16.1 

7.4 

0.1 

1.8 

0.9 

49.3 

36651 

13 

5.6 

52565 

119.7 

38.2 

5.5 

8.9 

7.9 

0.0 

0.7 

0.7 

47,8 

35598 

14 

6.8 

49034 

98.3 

30.1 

5.6 

11.4 

7.9 

0.1 

1.0 

1.7 

46.5 

31266 

15 

6.4 

56027 

102.4 

32.0 

3.7 

11.0 

8.3 

0.0 

0.8 

0.0 

44.4 

33019 

16 

6.2 

56968 

122.0 

37.4 

7.3 

9.4 

9.0 

0.2 

0.5 

0.2 

45.1 

32488 

17 

5.2 

51115 

121.4 

40.8 

3.9 

8,6 

9.3 

0.0 

1.5 

3.4 

44.7 

33275 

18 

7.8 

26875 

53.1 

18.4 

5.6 

8.7 

9.7 

0.1 

0.4 

4.0 

45.1 

32497 

19 

6.6 

24597 

67.2 

22.5 

3.1 

11.2 

10.7 

0.0 

0.4 

4.5 

41.3 

30750 

20 

7.5 

24303 

75.9 

28,1 

7.2 

10.6 

8.9 

0.2 

0.9 

4.4 

30.8 

22884 

21 

3.4 

22667 

185.8 

55.1 

4.7 

10.5 

7.4 

0.0 

0.5 

5.7 

21.5 

15450 
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OES 

SAT 

SFN 

SSD 

TNM 

TNS 

AFR 

FMC 

MCR 

NHC 

NFH 

PMC 

1 

259 

409 

330 

18.1 

15.0 

71.1 

59.3 

73.1 

26.9 

59 

13,8 

2 

278 

434 

356 

16,1 

12.3 

76. 7 

66.3 

75.1 

24.9 

69 

8.8 

3 

340 

521 

389 

15.3 

12.5 

80.4 

70.0 

76.0 

23.3 

82 

6.1 

4 

347 

545 

376 

16.7 

16.7 

66.0 

69.9 

75.3 

24.7 

64 

5.3 

5 

347 

563 

374 

14.5 

12.9 

73.2 

76.3 

78.9 

21.1 

60 

2.6 

6 

348 

518 

378 

14,9 

13.5 

83.8 

72.1 

76.7 

23.3 

57 

4.6 

7 

317 

459 

340 

10.3 

11.1 

80.0 

76.3 

82.1 

17.9 

48 

5.8 

8 

331 

477 

348 

10.3 

12.7 

87.5 

74.9 

79.8 

20.2 

77 

4.9 

9 

279 

378 

305 

12.2 

12.7 

78.8 

76.0 

79.0 

21.0 

52 

3.0 

10 

317 

456 

354 

14.4 

10.0 

81.9 

76.2 

79.7 

20.3 

59 

3.4 

11 

318 

449 

395 

17.9 

12.7 

71.4 

73.7 

74.9 

25.1 

40 

1.2 

12 

236 

374 

313 

20.7 

11.9 

74.2 

69.1 

71.9 

28.1 

46 

2.9 

13 

270 

439 

329 

18.9 

13.4 

80.0 

76.2 

77.8 

22.3 

56 

1.4 

14 

310 

499 

387 

16.9 

13.5 

88.9 

72.4 

75.2 

24.8 

56 

2.7 

15 

343 

547 

406 

14.7 

12.0 

81.6 

76.1 

77.0 

23.0 

62 

0.8 

16 

322 

467 

373 

16.6 

16.2 

82.3 

73.5 

74.4 

25.6 

51 

0.9 

17 

287 

421 

312 

12.5 

13.2 

66.8 

73.4 

78.2 

21.8 

46 

4.9 

18 

282 

506 

312 

14.3 

15.3 

76.2 

71.4 

76.0 

24.0 

32 

4.6 

19 

229 

366 

247 

14.2 

13.7 

81.4 

70.1 

75.1 

24.9 

35 

4.9 

20 

200 

320 

214 

12.9 

11.1 

82.9 

72.8 

78.3 

21.7 

34 

5.5 

21 

89 

122 

92 

15.2 

12.1 

88.9 

71.3 

77.4 

22.6 

16 

6.2 
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optloa?  ls=80; 
data  maint; 

infile  "aircraft  data  file"; 
input  aab  aar  abk  abr  asu  asd  cnx  cxr  can  cnr 
hfn  Ito  Itr  ihhe  inhs  nihf  nmb  nnm  nns  pnt>  pnm  pne 
psa  psh  sat  sfn  ssd  tnm  tns  afr  fmc  ncr  nmc  nfh  pnc 
label  aab='Air  Aborts'; 
label  aar='Air  Abort  Rate'; 
label  abk= 'Aircraft  Breaks'; 
label  abrs' Aircraft  Break  Rate'; 
label  asu='Alrcraft  Sortie  Utilization  Rate'; 
label  asd=' Average  Sortie  Duration'; 
label  cnx= 'Cancellations ' ; 
label  cxr= 'Cancellation  Rate'; 
label  can='Canniballzat ions'; 
label  cnr = 'Cannibalization  Rate'; 
label  hfn=' Aircraft  Hours  Flown'; 
label  lto='Late  Take-Offs'; 
label  ltr='Late  Take-Off  Rate'; 
label  mhe=' Manhours  Expended'; 
label  nihs= 'Manhours  Pet  Sortie'; 
label  nihf=' Manhours  Per  Flying  Hour'; 
label  nnt>='Not  Mission  Capable  Both  Rate*; 
label  nflin='Not  Mission  Capable  Maintenance  Rat^.'; 
label  nms=*Not  Mission  Capable  Supply  Rate'; 
label  pinb=' Partially  Mission  Capable  Both  Rate"; 
label  pranF 'Partially  Mission  Capable  Maintenance  Rate 
label  pitB= 'Partially  Mission  Capable  Supply  Rate'; 
label  psa= 'Possessed  Aircraft'; 
label  psh=' Possessed  Hours'; 
label  sat^^' Sorties  Atteirpted'; 
label  sfn=' Sorties  Flovjn'; 
label  ssd=' Sorties  Scheduled'; 
label  tnin='TNMCM  Rate*; 
label  tns='TNMCS  Rate'; 
label  afr=' Aircraft  Fix  Rate'; 
label  fmc='Full  Mission  Capable  Rate'; 
label  nmc='Not  Mission  Capable  Rate'; 
label  nfh=' Number  Fixed  in  18  Hours'; 
label  mcr= 'Mission  Capable  Rate'; 
label  pinc= 'Partially  Mission  Capable  Rate'; 
proc  print; 

title  '"Aircraft"  Maintenance  Data  Set'; 
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proc  corr; 

var  aab  aar  abk  abr  asu  asd  cnx  cxr  can  cnr 

h£n  Ito  Itr  inhe  inhs  mhf  nmb  nmn  nins  pinb  pnm  pms 

psa  psh  sat  s£n  ssd  tnm  tns  a£r  £nc  ncr  nmc  n£h  pnc; 

title  '’’Aircraft"  Maintenance  Variable  Correlation  Analysis' 


Stepwise  Regression 


options  ls=80; 
data  maint; 

in£ile  "aircraft  data  file"; 

input  aab  aar  abk  abr  asu  asd  cnx  cxr  can  cnr 
hfn  Ito  Itr  rnhe  mbs  mhf  ninb  nnm  runs  ptnnb  pnm  pins 
psa  psh  sat  sfn  ssd  tnm  tns  afr  £mc  ncr  rune  nfh  pmc; 
label  aab='Air  Aborts'; 
label  aar=’Alr  Abort  Rate’; 
label  abk s’ Aircraft  Breaks’; 
label  abr=’ Aircraft  Break  Rate’; 
label  asu=* Aircraft  Sortie  Utilization  Rate'; 
label  asd=’ Average  Sortie  Duration’; 
label  cnx= ’Cancellations'; 
label  cxr =’ Cancellation  Rate’; 
label  can*' Cannibal izat ions’; 
label  cnr=’ Cannibalization  Rate’; 
label  h£n=’ Aircraft  Hours  Flown’; 
label  lto=’ Late  Take-Offs’; 
label  ltr=’Late  Take-Off  Elate’; 
label  nihe=’ Manhours  Expended’; 
label  Manhours  Per  Sortie’; 
label  mhf=’ Manhours  Peir  Flying  Hour'; 
label  nmb* ’Not  Mission  Capable  Both  Rate'; 
label  nmnnF’Not  Mission  Capable  Maintenance  Rate'; 
label  runs* 'Not  Mission  Capable  Supply  Rate'; 
label  pmb* ’Partially  Mission  Capable  Both  Rate'; 
label  pmm*’ Partially  Mission  Capable  Maintenance  Rate'; 
label  pms* 'Partially  Mission  Capable  Supply  Rate’; 
label  psa* ’ Possessed  Aircraft’; 
label  psh* ’Possessed  Hours’; 
label  sat* ’Sorties  Attempted’; 
label  sfn* ’Sorties  Flown’; 
label  ssd* ’Sorties  Scheduled’; 
label  trutR’TNMCM  Rate’; 
label  tns*’TNMCS  Rate'; 
label  afr* 'Aircraft  Fix  Elate’; 
label  fmc=’Full  Mission  Capable  Rate’; 
label  nnc='Not  Mission  Capable  Rate’; 
label  nfh* 'Number  Fixed  in  18  Hours’; 
label  mcr='Mission  Capable  Rate'; 
label  pmc* 'Partially  Mission  Cap^le  Rate'; 
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proc  stepwise; 

model  ncr^aab  aar  abk  abr  asu  asd  cnx  cxr  can  cnz 
hfn  Ito  Itr  mhe  mhs  mhf  psa  psh  sat  sfn  ssd  afr  nfh; 
title  'Stepwise  Model  "aircraft"  Maintenance  Production  Variables' 
proc  stepwise; 

model  tns~aab  aar  abk  abr  asu  asd  cnx  cxr  can  cnr 
hfn  Ito  Itr  mhe  mhs  mhf  psa  psh  sat  sfn  ssd  afr  nfh; 
title  'Stepwise  Model  "aircraft"  Maintenance  Production  Variables' 
proc  stepwise; 

model  tnmpaab  aar  ctbk  abr  asu  asd  cnx  cxr  can  cnr 

hfn  Ito  Itr  mhe  mhs  mhf  psa  psh  sat  sfn  ssd  afr  nfh; 

title  'Stepwise  Model  "aircraft"  Maintenance  Production  Variables' 


Residual  Analysis  Program 

options  ls=80; 
data  neint; 

infile  "aircraft  data  file"; 
input  aab  aar  abk  abr  asu  asd  cnx  cxr  can  cnr 
hfn  Ito  Itr  mhe  mhs  mhf  nmb  nmn  nms  pmb  pmm  pms 
psa  psh  sat  sfn  ssd  tnm  tns  afr  fmc  mcr  nmc  nfh  pmc; 
label  aab='Air  Aborts'; 
label  aar='Alr  Abort  Rate'; 
label  abk=' Aircraft  Breaks'; 
label  abr* 'Aircraft  Break  Rate'; 
label  asu*'Aircraft  Sortie  Utilization  Rate'; 
label  asd* 'Average  Sortie  Duration'; 
label  cnx* 'Cancellations'; 
label  cxr* 'Cancellation  Rate'; 
label  can*'Cannlbalizatlons'; 
label  cnr* 'Cannibalization  Rate'; 
label  hfn* 'Aircraft  Hours  Flown'; 
label  Ito* 'Late  Take-Offs'; 
label  Itr* 'Late  Take-Off  Rate*; 
label  mhe='Manlvours  Expended'; 
label  mhs* 'Manhours  Per  Sortie'; 
label  mhf* 'Manhours  Per  Flying  Hour'; 
label  nmb* 'Not  Mission  Capable  Both  Rate'; 
label  nmm='Not  Mission  Capable  Maintenance  Rate'; 
label  nms* 'Not  Mission  Capable  Supply  Rate'; 
label  pmb* 'Partially  Mission  Capable  Both  Rate'; 

IcUoel  pnm* 'Partially  Mission  Capable  Maintenance  Rate'; 

label  pnB*'P^tially  Mission  Capable  Supply  Rate'; 

label  psa* 'Possessed  Aircraft'; 

label  psh* 'Possessed  Hours'; 

label  sat* 'Sorties  Attempted'; 

label  sfn* 'Sorties  Flown'; 

label  ssd* 'Sorties  Scheduled'; 

label  tnmp'TNMCM  Rate'; 

label  tn3='TNMCS  Rate'; 

label  afr* 'Aircraft  Fix  Rate'; 
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label  fmc-'Full  Mission  Capable  Rate*; 
label  nnc:='Not  Mission  Capable  Rate'; 
label  nf.h= 'Number  Fixed  in  18  Hours'; 
label  ncr='Mission  Capable  Rate'; 
label  pn!C= 'Partially  Mission  Capable  Rate'; 
proc  reg; 

model  in[:x="ragression  independent  variables"  /  r; 
plot  student . *pred .=** '  student.*c:xr='*'  student . *can= '* '  / 
student . *aab= '* '  student.*abr='*'; 
title  'Residuals  for  "aircraft"  Maintenance  Production  Variables'; 
print  cli; 

title  'Prediction  Limits  "aircraft"  Maintenance  Production  Variables'; 
proc  reg; 

model  t;ns="regression  independent  variables"  /  r; 
plot  student . *pred .  =  '* '  student.*cxr=**'  student . *'can=  ** *  / 
student . *rriif = ' * '  student . *af r= ' * ' ; 
title  'Residuals  for  "aircraft"  Maintenance  Production  Variables'; 
print  cli; 

title  'Prediction  Limits  "aircraft"  Maintenance  Production  Variables'; 
proc  reg; 

model  tnm="regression  independent  variables"  /  r; 
plot  student . *pred .='* '  student.*cxr=**'  student . *can= '* '  / 
student .  *aab= '  *  *  st*jdent .  *abr= '  * ' ; 
title  'Residuals  for  "aircraft"  Maintenance  Production  Variables'; 
print  cli; 

title  'Prediction  Limits  "aircraft"  Maintenance  Production  Variablas'; 


Supplemental  Regression  for  Residual  Modifications 


1,1 

options  ls=80; 
data  maint; 

inf lie  "aircraft  data  file"; 

input  aab  aar  abk  abr  asu  asd  cnx  cxr  can  cnr 
hfn  Ito  Itr  mhe  mbs  mhf  nmb  nmm  nms  pitib  pmm  pne 
psa  psh  sat  sfn  ssd  tnm  tns  afr  fmc  mcr  nmc  nfh  pnc; 
sqmhf  =  ( mhf  *inhf ) ; 
label  aab='Alr  Aborts'; 
label  aar='Air  Abort  Rate'; 
label  abk=' Aircraft  Breaks'; 
label  abr=' Aircraft  Breiak  Rate'; 
lal)el  asu='Aircraft  Sortie  Utilization  Rate*; 
label  asd=' Average  Sortie  Duration'; 
label  cnx= 'Cancellations'; 
label  cxr=' Cancellation  Rate'; 
label  can='Cannibalizat ions'; 
label  cnr=' Cannibalization  Rate'; 
label  hfn=' Aircraft  Hours  Flown'; 
label  lto=*[jate  Take-Offs'; 
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label  ltr='Late  Take-Off  Rate*; 

label  mhe- 'Manhours  Expended*; 

label  nhs=' Manhours  Per  Sortie'; 

label  nih£=' Manhours  Per  Flying  Hour*; 

label  ninb='Not  Mission  Capable  Both  Rate'; 

label  niwTF'Not  Mission  Capable  Maintenance  Rate'; 

label  nins='Not  Mission  Capable  Suj^ly  Rate'; 

label  pirb- 'Partially  Mission  Capable  Both  Rate'; 

label  pmii= 'Partially  Mission  Capable  Maintenance  Rate'; 

label  pnB=' Partially  Mission  Capable  Supply  Rate*; 

label  psa«' Possessed  Aircraft'; 

labe]  psh= 'Possessed  Hours'; 

label  sat“' Sorties  Attempted'; 

label  sfn='Sorties  Flown*; 

label  ssd=' Sorties  Scheduled'; 

label  tnntr='TNMCM  Rate'; 

label  tnss'l'NMCS  Rate'; 

label  a£r=s 'Aircraft  Fix  Rate'; 

Icibel  finc^'Full  Mission  Capable  Rate'; 
label  nnc='Not  Mission  Capable  Rate'; 
label  nfh=' Number  Fixed  in  18  Hours'; 
label  mcr= 'Mission  Capable  Rate'; 
label  pmc=' Partially  Mission  Capable  Rate'; 
proc  reg; 

model  tns=cxr  can  mh£  sqmhf  afr; 

title  'Regression  Model  "aircraft”  Maintenance  Production  Variables'; 


2.  RC-135V/N 

options  ls=89; 
data  maint; 

Infile  "aircraft  data  file"; 

input  aab  acir  abk  abr  asu  asd  cnx  cxr  can  cnr 
hfn  Ito  Itr  mhe  oihs  mhf  nmb  nimv  nniB  pmb  pnwt  pms 
psa  psh  sat  sfn  ssd  tnm  tns  afr  fmc  mcr  nmcr  nfh  pmc; 
sqcnr = ( cnr *cnr ) ; 
sqcxr= ( cxr *cxr ) ; 
label  aab='Air  Aborts'; 
label  aar='Air  Abort  Rate'; 
label  abk=' Aircraft  Breaks'; 
label  abr=' Aircraft  Break  Rate'; 
label  asu='Aircraft  Sortie  Utilization  Rate'; 
label  asd= 'Average  Sortie  Duration'; 
label  cnx= 'Cancellations ' ; 
label  cxr- 'Cancellation  Rate'; 
icdjel  can" 'Canni  ball  rations'; 
label  cnr= 'Cannibalization  Rate'; 
label  hfn=' Aircraft  Hours  Flown'; 
label  lto= ' Late  Take~Of  f s ' ; 
label  ltr='Late  Take-Off  Rate*; 
label  mhe='Iianhours  ExpendeJ'; 
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label  mh3=' Manhours  Per  Sortie'; 

label  itih£=' Manhours  Per  Flying  Hour'; 

label  nn<b='Not  Mission  Capable  Both  Rate'; 

label  nimiF'Not  Mission  Capable  Maintenance  Rate'; 

label  nnB='Not  Mission  Capable  Supply  Rate'; 

label  pmb= 'Partially  Mission  Capable  Both  Rate'; 

label  pmnnF' Partially  Mission  Capable  Maintenance  Rate'; 

label  pm5=' Partially  Mission  Capable  Supply  Rate'; 

label  psa=' Possessed  Aircraft'; 

label  psh=' Possessed  Hours'; 

label  sat=' Sorties  Attenpted ' ; 

label  sfn=' Sorties  Flown'; 

label  ssd=' Sorties  Scheduled’; 

label  tnnp'TNMC34  Rate'; 

label  tns--:'TNMCS  Rate'; 

label  afr=' Aircraft  Fix  Rate'; 

label  fnc='Full  Mission  Capable  Rate'; 

label  nnic='Not  Mission  Cap^le  Rate'; 

lafjel  nfh='Nurnt)er  Fixed  in  18  Hours'; 

label  ncr=' Miss ion  Capable  Rate'; 

label  piTic=' Partially  Mission  Capable  Rate'; 

proc  reg; 

model  tns=cnr  sqcnr  psh; 

title  'Regression  Model  "aircraft"  Maintenance  Production  Variables' 
proc  reg; 

uodel  tnm=sqcxr; 

title  'Regression  Model  "aircraft"  Maintenance  Production  Variables* 


options  ls=80; 
data  malnt; 

infile  "aircraft  data  file"; 

input  aab  aar  abk  abr  asu  asd  cnx  cxr  cari  cnr 
hfn  Ito  Itr  mhe  ntrs  nihf  nmb  nmn  rims  pnto  pirm  pne 
psa  psh  sat  sfn  sad  tnm  tns  afr  fmc  mcr  nnc  nfh  pitc; 
sqafr=(afr*afr ); 
label  aab='Air  Aborts'; 
lcJL)el  aar='Alr  Abort  Rate'; 
label  abk- '  Aircraft  Breaks ‘ ; 
label  abr=' Aircraft  Break  Rate'; 
label  asu=' Aircraft  Sortie  Utilization  Rate'; 
label  asd=* Average  Sortie  Duration'; 
label  cnx= 'Cancellations'; 
label  cxr- 'Cancellation  Rate*; 
label  can='Cannibalizat ions'; 
label  cnr= 'Cannibalization  Rate'; 
label  hfn=' Aircraft  Hours  Flown*; 
label  ito^'Late  Take-Offs'; 
label  itr='Late  Take-Off  Rate'; 
label  nihe=' Manhours  Expended'; 
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label  n*is=' Manhours  Per  Sortie'; 

label  inhf®' Manhours  Per  Flying  Hour'; 

label  nnib='Not  Mission  Capable  Both  Rate'; 

label  nnniF'Not  Mission  Capable  Maintenance  Rate'; 

label  nms^'Not  Mission  Capable  Supply  Rate'; 

label  pmb- 'Partially  Mission  Capable  Both  Rate'; 

label  pnniF 'Partially  Mission  Capable  Maintenance  Rate'; 

label  pnK= 'Partially  Mission  Capable  Supply  Rate'; 

label  psa='Possess«!d  Aircraft'; 

label  psh= 'Possessed  Hours'; 

label  sat= ' Sorties  Attarpted'; 

label  sfn=' Sorties  Flown'; 

label  ssd=' Sorties  Scheduled'; 

label  trurfs'TNMCM  Rate'; 

IcUDel  tns= '  TNMCS  Rate ' ; 

label  afr=' Aircraft  Fix  Rat»'; 

label  fmc='Full  Mission  Capable  Rate'; 

label  mnc='Not  Mission  Capable  Rate'; 

label  nfh=' Number  Fixed  in  18  Hours'; 

label  mcr= 'Mission  Capable  Rate'; 

label  pmc=' Partially  Mission  Cap^le  Rate'; 

proc  reg; 

model  tns=afr  sqafr; 

title  'Regression  Model  "aircraft"  Maintenance  Production  Variables' 


options  ls=80; 
data  maint; 

infile  "aircraft  data  file"; 

input  aab  a;ir  abk  abr  asu  asd  cnx  cxr  can  cnr 
hfn  Ito  Itr  mhe  mhs  mhf  nmb  nmn  nms  pmb  ptiiR  pms 
psa  psh  sat  sfn  ssd  tnm  tns  afr  fire  mcr  rate  nfh  pme; 
label  aab='Air  Aborts'; 
label  aar='Alr  Abort  Rate'; 
label  abk= 'Aircraft  Breaks'; 
label  abr=' Aircraft  BrecOc  Rate'; 
label  asu='Aircraft  Sortie  Utilization  Rate'; 
latvel  asd=' Average  Sortie  Duration'; 
label  cnx=  'C:ancellations ' ; 
label  cxr='C;ancellation  Rate'; 
labe]  can= 'Canniballzations ' ; 
label  cnr='C^nibali7.ation  Rate'; 
label  h£n=' Aircraft  Hours  Flown'; 
label  lto='t.ate  Take-Offs'; 
label  ltr='Late  Take-Off  Rate'; 
lc±>el  mhe=' Manhours  Expended'; 
label  nihs=' Manhours  Per  Sortie'; 
label  nihf=' Manhours  Per  Flying  Hour'; 
label  nnib='Not  Mission  Capable  Both  Rate'; 
label  nnin='Not  Mission  Capable  Maintenance  Rate'; 
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label  nirs='Not  Mission  Capable  Supply  Rate'; 

label  pnib= 'Partially  Mission  Capad^le  Both  Rate'; 

label  pimF' Partially  Mission  Capable  Maintenance  Rate'; 

label  ptrs=' Partially  Mission  Capable  Supply  Rate'; 

label  Esa=' Possessed  Aircraft'; 

label  psh= 'Possessed  Hours'; 

label  sat=' Sorties  Atteirpted'; 

label  s£n=' Sorties  Flown'; 

label  ssd=' Sorties  Scheduled'; 

label  tnmp'TNMCM  Rate'; 

label  tns='TNMCS  Rate'; 

label  afr=' Aircraft  Fix  Rate'; 

label  ftnc='Full  Mission  Capable  Rate'; 

label  ninc='Not  Mission  Capable  Rate'; 

label  nfh=' Number  Fixed  in  18  Hours'; 

label  mcr= 'Mission  Capable  Rate'; 

label  pinc=' Partially  Mission  Capable  Rate'; 

proc  glm; 

model  mcr="re<gresslon  independent  variables"  /  alpha=0.10  cli; 
title  '90%  Prediction  Limits  "aircraft"  Maintenance  Production 
Variables'; 
proc  glm; 

model  mcr="regresslon  independent  variables"  /  cli; 
title  '95%  Prediction  Limits  "aircraft"  Maintenance  Production 
variables' ; 
proc  glm; 

model  mcr="regression  independent  variables'?  /  alpha=0.01  cli; 
title  '99%  Prediction  Limits  "aircraft"  Maintenance  Production 
Variables'; 
proc  glm; 

model  tns="regression  independent  variables"  /  alpha=0.10  cli; 
title  '90%  Prediction  Limits  "aircraft"  Maintenance  Production 
Variables' ; 
proc  glm; 

model  tns="regression  independent  variables"  /  cli; 
title  '95%  Prediction  Limits  "aircraft"  Maintenance  Production 
Variables'; 
proc  glm; 

model  tns="regression  independent  variables"  /  alpha=0.01  cli; 
title  '99%  Prediction  Limits  "aircraft"  Maintenance  Production 
Varicibles' ; 
proc  glm; 

model  tnm="regression  independent  variables"  /  alpha=0.10  cli; 
title  '90%  Prediction  Limits  "aircraft"  Maintenance  Production 
Variables'; 
proc  glm; 

model  tnm="regression  independent  variables"  /  cli; 
title  '95%  Prediction  Limits  "aircraft"  Maintenance  Production 
Variables ' ; 
proc  glm; 

model  tnnp="regression  independent  variables"  /  alpha=0.01  cli; 
title  '99%  Prediction  Limits  "aircraft"  Maintenance  Production 
Variables' ; 
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HQ  SAC/LGY  Spreadsheet 

1)  Air  Aborts:  Numeral 

2)  Air  Abort  Rate:  (Air  Aborts  /  Sorties  Flown)  X  100 

3)  Aircraft  Breaks:  Numeral 

4)  Aircraft  Break  Rate:  (Aircraft  Breaks  /  Sorties  Flown)  X  100 

5)  Aircraft  Fix  Rate:  (Number  Fixed  in  18  Hrs  /  Aircraft  Breaiks)  X  100 

6)  Aircraft  Sortie 

Utilization  Rate:  (Sorties  Flown  /  Possessed  Aircraft)  X  100 

7)  Average  Sortie  Duration:  Hours  Flown  /  Sorties  Flown 

8)  Cancellations:  Numeral 

9)  Clancellation  Rate:  (Ccincellations  /  Sorties  Scheduled)  X  100 

10)  Cannibal izat ions:  Numeral 

11)  Cannibalization  Rate:.  (Ccinnibalizations  /  Sorties  Flown)  X  100 

12)  First  Sortie  After  Ground  Alert  (FSAGA) :  Numeral 

13)  FSAGA 

Effectiveness: (FSAGA  Points  Attained  /  FSAGA  Points  Possible)  X  100 

14)  Full  Mission 

Capable  (FMC)  Rate:  (FMC  Hrs  /  Posscjssed  Hrs)  X  100 

15)  Engine  Shutdowns:  Numeral 

16)  Engine 

Shutdown  Rate:  (Engine  Shutdowns  /  Hrs  Flown  X  Total  Engines)  X  100 

17)  Hours  Flown:  Numeral 

18)  Late  7‘ake-Offs:  Numeral 

19)  Late  Take-Off  Rate:  (Late  Take-Offs  /  Sorties  Attempted)  X  100 

20)  Mainhours  Expended:  Numeral 

21)  Manhours  Per  Sortie:  (Manhours  Expended  /  Sorties  Flown)  X  100 
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22)  Manhours  Per  Flying  Hour:  (Manhours  Expended  /  Hours  Flowi\}  X  100 

23)  Mission  Capable  (MC)  Rate:  ((FMC  +  PMC  Hrs)  /  Possessed  HrsI  X  100 

24)  Not  Mission 

Capable  (NMC)  Rate:  (Total  NMC  hrs  /  Possessed  Hrs)  X  100 

*  (Total  NMC  hours  is  the  summation  of  tJMC  ttBintenance, 

NMC  supply  and  NMC  both) 

25)  NMC  Maintenance  (NMCM)  Rate:  (NMCM  Hrs  /  Possessed  Hrs)  X  lOG 

26)  NMC  Si;^ly  (NMCS)  Rate:  (NMCS  Hrs  /  Possessed  Hrs)  X  100 

27)  NMC  Both  (NMCB)  Rate:  (NMCB  Hrs  /  Possessed  Hrs)  X  100 
2B)  Nuinber  Fixed  in  18  Hours:  Niuneral 

29)  Partially  Mission 

Capable  (PMC)  Rate:  (Total  PMC  Hrs  /  Possessed  Hrs)  X  100 

*  (Total  PMC  Hours  Is  the  sunmation  of  PMC  maintenance, 

PMC  supply  and  PMC  both) 

30)  PMC  Maintenance  (PMCM)  Rate:  (PMCM  Krs  /  Possessed  Hrs)  X  100 

31)  PMC  SuKJly  (PMCS)  Rate:  (PMCS  Hrs  /  Possessed  Hrs)  X  100 

32)  PMC  Both  (PMCB)  Rate:  (PMCB  Hrs  /  Possessed  Hrs)  X  100 

33)  Possessed  Aircraft:  Numeral 

34)  Possessed  Hours:  Numeral 

35)  Sorties  Attempted:  Sorties  Scheduled  -  Cancellations 

36)  Sorties  Flown:  Numeral 

37)  Sorties  Scheduled:  Numeral 

38)  Total  NMCM  (TNMCM)  Rate:  (NMCM  Rate  +  NMCB  Rate) 

39)  Total  NMCS  (TOMCS)  Rate;  (NMCS  Rate  f  NMCB  Rate) 
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SACP  66-17  {£X3Y:Al-l,M“2,Al-3,Al-4) 

NOTE:  *’*"  indicates  ratio  defined  In  HQ  SfiC/LCT  spreadsheet  listing. 

1)  Cancellation  Rate:  * 

2)  Late  Takeoff  Rate:  * 

3)  Materiel  Air  Abort  Rate:  See  SACK  66-7,  Vol  2. 

4)  Air  Abort  Rate:  * 

5)  FSAGA  Effectiveness:  * 

6)  Cannibalization  Rate:  * 

7)  Man-Hours  Per  Flying  Hour:  * 

8)  Man-Hours  Per  Sortie:  * 

9)  Direct  Man-Hour 

Utilization  Rate:  [MDC  Direct  Man-Hours  / 

(100  Assigned  Man-Hours  + 

Total  Overtime  Hours  '  ) ]  X  100 


10)  Man-Hours  Expended 

Overtime  Rate:  (Total  Overtime  /  100  Labor  Hrs  Assigned)  X  100 

11)  MC  Rate:  * 

12)  Short  Range 
Attack  Missile 

Reliability  Rate:  (Reliable  Releases  /  Siimlated  Attempts)  X  100 

13)  Base 

Self-Sufficiency:  ((Total  Repairs  +  Contractor  Repair)  / 

(Total  Repairs  +  NRTS  1, 2, 3, 4, 5, 6, 7, 8,9 ) ]  X  100 


14)  Average  Delayed 
Discrepancy 

Rata  Per  Aircraft:  ((Awaiting  Maintenance  +  Awaiting  Parts)  / 

Possessed  Aircraft] 


15)  System 

Reliability:  (Number  Code  1  /  Nuinber  Codes  1-5)  X  100 

16)  System 

Capability:  (Number  Codes  1+2  /  Number  Codes  1-5)  X  100 

17)  Engine  Shutdown  Rate:  * 
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18)  Unscheduled 

Engine  Change  Rate:  (Unscheduled  Changes  /  Engines  Changetl)  X  100 

19)  Test  Cell 

Reject  Rate;  (Test  Cell  Rejects  /  Ithginea  Tested)  X  100 

20)  NMC  Rate;  * 

21)  PMC  Rate:  * 

22)  Falling  Object 

Prevention  (POP)  Rate:  (Number  of  FOPs  /  SortJes  Flown'  X  100 

23)  60-9  Maintenance 
Scheduling 

Effectiveness:  [(Sorties  Scheduled  +  Additions  -  Maint  Canx)  / 
(Sorties  Scheduled  +  Additions))  X  100 

24)  Overall  60-9 
Scheduling 

Effectiveness:  [(Sorties  Scheduled  +  Additions  -  Deviatior^)  / 
(Sorties  Scheduled  Additions))  X  100 
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i»flffl3iy^JBi-.aAa_got£filat;iaa  AnaiYSis  fteaulto 


I4.KC~135A/P/M1 


HFN 

MHE 

PSA 

PSH 

SAT 

HFM 

Aircraft  Hours 
FIowtj 

1.00000 

0.0 

0.56967 

0.0266 

0.06246 

0.8250 

0.09747 

0.7297 

0.93292 

0.0001 

MHS 

Manhours  Ebqpended 

0,  56967 
0.0266 

1.00000 

0.0 

0.62734 

0.0123 

0.67182 

C.0061 

0.63971 

0.0102 

PSA 

Possessed  Altrraft 

0.06246 

0.8250 

0.62734 

0.0123 

1.00000 

0,0 

0.88452 

0.0001 

0.08397 

0.7661 

PSH 

Possessed  Hours 

0.09747 

0.7297 

0.67182 

0.0061 

0.88452 

0.0001 

1.00000 

0.0 

0.14462 

0.6071 

SAT 

Sorties  Attempted 

0.93292 

O.UUOl 

0.63971 

0.0102 

0.06397 

0.7661 

0.14462 

0.6071 

1.00000 

0.0 

CF5« 

Sorties  Plovffi 

0,92243 

0.0001 

0.62565 

0.0126 

0.0<!922 

0.8617 

0.11595 

0.6807 

0.98849 

0.0001 

SSD 

Sorties  Scheduled 

0.89619 

0.0001 

0*70029 

0.0036 

0.16016 

0.5686 

0.19908 

0.4769 

0.97723 

0.0001 

TNH 

IMMCM  Rate 

-0,46528 

0.0805 

-0.39961 

0.1400 

-0.62903 

0.0120 

-0.532<0 

0,0410 

-0.44317 

0.0980 

TNS 

TNMCS  Rate 

-0.59056 

0.0205 

-0,51781 

0.0480 

-0,56518 

0.0281 

-0.45169 

0.0910 

-0.62193 

0.0133 

APR 

Aircraft  Fix  Rate 

0.07458 
0, ^317 

-0.01866 

0.9474 

0.20210 

0.4701 

0.26528 

0.3393 

0.15354 

0.5848 

MCS 

Mission  Capable 

0,61229 

0.0153 

0.52863 

0.0128 

0.58762 

0.0212 

0.53538 

0,0397 

0.63840 

0.0.104 

Etate 


SFN 

0.92243 

0.0001 


0.62565 

0.0126 

0.04922 

0.8617 

0.11595 

0.6807 

0.98849 

0.0001 

1.00000 

0.0 

0.97063 

0.0001 

■0.40358 

0.1358 

•0.56619 

0.0278 

0.10409 

0.7120 

0.59090 

0.0204 
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SSD 

TNM  TN3 

AFR 

MCR 

HFN 

Aircraft  Hours  Flown 

0.89619  - 

0.0001 

0.46528  -0,59056 

0.0805  0.0205 

0.07458 

0.7917 

0.61229 

0.0153 

MHE 

Manhours  Expended 

0.70029  - 

0.0036 

0.39961  -0.51781 

0.1400  0.0430 

-0.01866 

0.9474 

0.52863 

0.0428 

PSA 

Possessed  Aircrafr 

0.16016  - 
0.5686 

0.62903  -0.56518 

0.0120  0.0281 

0.20210 

0.4701 

0.58762 

0.0212 

PSH 

Possessed  Hours 

0.19908  - 

0.4769 

0.53240  -0.45169 
0.0410  0.0910 

0.26528 

0.3393 

0.53538 

0,0397 

SAT 

Sorties  Abtenipted 

0.97723  - 
0.0001 

0.44317  -0.62193 

0.0980  0.0133 

0.15354 

0.5848 

0.63840 

0.0104 

SFN 

Sorties  Flown 

0.97063  - 

0.0001 

0.40358  0.56619 

0.1358  0  0278 

0.10409 

0.7120 

0.59090 

0.0204 

SSD 

Sorties  Schedule*! 

1.00000  - 
0.0 

0.43499  -0,62498 

0.1051  0.0127 

0.10698 

0.7043 

0.61622 

0.0144 

TNM 

TNMOJ  Rate 

-0.43499 

0.1051 

1.00000  0.89326 

0.0  0.0001 

-0.63628 

0.0108 

-0.93404 

0.0001 

TOS 

TtO-JCS  F^te 

-0.62498 

0.012? 

0.89326  1,00000 

0.0001  0.0 

-0.64096 

0.0100 

-0.97189 

0.0001 

Aircraft  Fix  Rate 

0.10698  - 
0.7043 

0.63628  -0.64096 

0.0108  0.0100 

1.00000 

0.0 

0.S6381 

0.0070 

MO^ 

Mission  Capable  Rate 

0.61622  - 
0.0144 

0.93404  -0.97189 

0.0001  0.0001 

0.66381 

0.0070 

1.00000 

0.0 

2.  KC~135R 

ASD 

cm 

CXR 

LTR 

ASrv  1.00000 

Average  Sortie  Duration  0.0 

0.59127 

0.02C3 

0.52355 

0.0452 

0.48250 

0.0685 

cm 

CarKjeliations 

0.5912, 

0.0203 

1.00000 

0.0 

0.96994 

0.0001 

0.57505 

0.0249 

CXR 

Cancellatloii  Rate 

0.52355 

0.0452 

0.96994 

0.0001 

1.00000 

0.0 

0.61139 

0.0154 

L1R 

Late  Take-Off  Rate 

0.48250 

0.0685 

0.57505 

0.0249 

0.61139 

0.0154 

1.00000 

0.0 

144 


A3D 

CNX 

CXR 

LTR 

TOM 

TOMCM  Rate 

0.57508 

0.0247 

0.59745 

0.0187 

0.63982 

0.0102 

0.44814 

0.0939 

TOS 

TOMCS  Rate 

0.40436 

0.1349 

0.68762 

0.0046 

0.76346 

0.0009 

0.38736 

0.1537 

MCR 

Mission  Capable  Rate 

-0.58542 

0.0219 

-0.77820 

0.3006 

-0.82796 

0.0001 

-0.51756 

0.0482 

TWM 

TOS 

MOR 

ASD 

Average  Sortie  Duration 

0.57588 

0.0247 

0.40436 

0.1349 

-0.58542 

0.0219 

cm 

Cancellations 

0.59745 

0.0187 

0.68762 

0.0046 

-0.77820 

0.0006 

CXR 

Cancellation  Rate 

0.63982 

0.0102 

0.76346 

0.0009 

-0.82796 

0.0001 

LTO 

Late  Take-Off  Rate 

0.44814 

0.0939 

0.38736 

0.1537 

-0.51756 

0.0482 

TOM 

Rate 

1.00000 

0.0 

0.74882 

0.0013 

-0.90789 

0.0001 

TOS 

IIMMCS  Rate 

0.74882 

0.0013 

1.00000 

0.0 

-0.93171 

0.0001 

)CR 

Mission  Capable  Rate 

-0.90789 

0.0001 

-0.93171 

0.0001 

1.00000 

0.0 

2.  RC-135Y/M 

CXR 

PSH 

TNM 

TOS  MCR 

CXR 

Cancellation  Rate 

1.00000 

0.0 

-0.20021 

0.4743 

0.55942 

0.0301 

0.45990  -0.41605 

0.0846  0.1230 

PSH 

Possessed  Hours 

-0.20021 

0.4743 

1.00000 

0.0 

-0.31443 

0.2537 

-0.55316  0.50831 

0.0324  0.0530 

TNM 

TNMCM  Rate 

0.55942 

0.0301 

-0.31443 

0.2537 

1.00000 

0.0 

0.74437  -0.85270 

0.0015  0.0001 
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CXR 

FSH 

Tim 

TNS 

MCR 

TOS 

TNMCS  Rate 

0.45<)90 

0.0846 

-0.55316 

0.0324 

0.74437 

0.0015 

1.00000 

0.0 

-0.93275 

0.0001 

MCR 

Mission  Capable 

Rate 

-0.41605 

0.1230 

0.50831 

0.0530 

-0.85270 

0.0001 

-0.93275 

0.0001 

1.00000 

0.0 

A.JK-135A/C/g/L/M/.^ 

ABK 

ABR 

CXR 

HFN 

MHE 

ABK 

Aircraft  Breaks 

1.00000 

0.0 

0.81267 

0.0002 

-0.30199 

0.2740 

0.06760 

0.8108 

-0.47470 

0.0738 

ABR 

Aircraft  Break 

Rate 

0.81267 

0.0002 

1.00000 

0.0 

0.09925 

0.7249 

-0.50064 

0.0573 

-0.73964 

0.0016 

CXR 

Cancellation  Rate 

-0.30199 

0,2740 

0.09925 

0.7249 

1.00000 

0.0 

-0.75034 

0.0013 

-0.23483 

0.3995 

HFN 

Aircraft  Hours 

Flown 

0.06760 

0.8108 

-0.50064 

0.0573 

-0.75034 

0.0013 

1.00000 

0.0 

0.55368 

0.0322 

MHE 

Manhours  Expended 

-0.47470 

0.0738 

-0.73964 

0.0016 

-0.23483 

0.3995 

0.55368 

0.0322 

1.00000 

0.0 

SFN 

Sorties  Flown’ 

-0.04231 

0.8810 

-0.60841 

0.0161 

-0.62948 

0.0119 

0.94620 

0.0001 

0.63976 

0.0102 

TNM 

TOMCM  Rate 

0.20877 

0.4553 

0.52126 

0.0463 

0.52566 

0.0442 

-0.65143 

0.0085 

-0.55959 

0.0301 

TNS 

TOMCS  Rate 

0.64179 

0.0099 

0.85050 

0.0001 

0.12631 

0.6538 

-0.53333 

0.0406 

-0.61695 

0.0143 

MCR 

Mission  Capable 

Rate 

-0.48707 

0.0656 

-0.79694 

0.0004 

-0.37248 

0.1715 

0.67424 

0.0058 

0.78529 

0.0005 

NFH 

Number  Fixed 

0.72429 

0.0023 

0.79784 

0.0004 

-0.03979 

0.8880 

-0.25912 

0.3510 

-0.50465 

0.0550 

in  18  Hours 


SFN 

TOM 

TNS 

MCR 

NFH 

ABK 

Aircraft  Breaks 

-0.04233 

0.8810 

0.20877 

0.4553 

0.64179 

0.0099 

-0.48707 

0.0656 

0.72429 

0.0023 

MSR 

Aircraft  Break 
Riate 

-0.60841 

0.0161 

0.52126 

0.0463 

0.85050 

0.0001 

-0.79694 

0.0004 

0,79784 

0.0004 

CUR 

Gance  j.lat  Ion 
Rate 

-0.62948 

0.0119 

0.52566 

0.0442 

0.12631 

0.6538 

-0.37248 

0.1715 

-0.03979 

0.8080 

HFN 

Aircraft  Hoiu:s 
Flown 

0.94620 

0.0001 

-0.65143 

0.0085 

-0.53333 

0.0406 

0.67424 

0.0058 

-0.25912 

0.3510 

MHE  0.6.7976 

Manhours  Expended  0 . 0102 

-0.55959 

0.0301 

-0.61695 

0.0143 

0.78529 

0.0005 

-0.50465 

0.0550 

SFN 

Sorties  Floi<ffi 

1.00000 

0.0 

-0.61780 

0.0141 

-0.54377 

0.0361 

0.70157 

0.0036 

-0.37548 

0.1678 

TNM 

‘niNai  Rate 

-0.61780 

0.0141 

1.00000 

0.0 

0.57460 

0.0251 

-0.85802 

0.0001 

0.50603 

0.0217 

TOS 

TOMCS  Rate 

-0.54377 

0.0361 

0.57460 

0.0251 

1.00000 
■  0.0 

-0.85540 

0.0001 

0.65C39 

O.OC07 

MCR 

Mission  Capable 
Rate 

0.70157 

0.0036 

-0.85802 

0.0001 

-0.85540 

0.0001 

1.00000 

0.0 

-0.67129 

0.0061 

NFH 

Number  Fixed 
in  16  Hours 

-0.37548 

0.1678 

0.58603 

0.0217 

0.65039 

0.0087 

-0.67129 

0.0061 

1.00000 

0.0 

PSA 

PSH 

TNM 

TOS 

MCR 

PSA 

Possessed 

Aircraft 

1.00000 

0.0 

0.96509 

0.0001 

-0,52495 

0.0445 

-0.14732 

0.6003 

0.44974 

0.0926 

PSH 

Possessed  Hours 

0.96509 

0.0001 

1.00000 

0.0 

-0.55553 

0.0316 

-0.17918 

0.5229 

0.46321 

0.0021 

TNM 

TNMCM  Rate 

-0.52495 

0.0445 

-0.55553 

0.0316 

1.00000 

0.0 

0.33172 

0.2271 

-0.91651 

0.0001 
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PSA 

PSH 

TNM 

TNS 

MCR 

TMS 

ItWCS  Rate 

-0.14732 

0.6003 

-0.17918 

0..5229 

0.33172 

0.2271 

1,00000 

0.0 

-0.50S57 

0.0540 

HC» 

Mission  Capable 
Rate 

0.44974 

0.0926 

0.46321 

0.0821 

-0.91651 

0.0001 

-0.50657 

0.0540 

l.COOOO 

0.0 

ABR 

TNM 

TNS 

MCR 

MR 

Aircraft  Break 
Rate 

1,00000 

0.0 

0.53185 

0.0413 

-0.17260 

0.5385 

-0.49313 

0.0618 

IWM 

TOMCM  Rate 

0.53185 

0.0413 

1.00000 

0.0 

-0.42869 

0.1109 

-0.70532 

0.0033 

TNS 

'»iMCS  Rate 

-0.17260 

0.5335 

-0.42869 

0.1109 

1.00000 

0.0 

-0.24794 

0.3729 

MCS 

Mission  Capable 
Rate 

-0.49313 

0.0618 

-0.70532 

0.0033 

-0.24794 

0.3729 

1.00000 

0.0 

7.  B-52H 

TNM 

TNS 

AFR 

MCR 

TM1 

■IWMCM  Rate 

1.00000 

0.0 

-0.13213 

0.6388 

-0.18774 

0.5028 

-0.43383 

0.1062 

TMS 

TNMCS  Rate 

-0.13213 

0.6388 

1.00000 

0.0 

-0.54256 

0.0366 

-0,81015 

0.0003 

AFR 

Aircraft  Fix 

Rate 

-0.18774 

0,5028 

-0.54256 

0.0366 

1.00000 

0.0 

0.58944 

0.0208 

MCR 

Mission  Capable 

-0.43303 

0.1062 

-0.81015 

0.0003 

0.58944 

0.0208 

1.00000 

0.0 

Rate 
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9.« . a~52fi, 


AEK 

Aircraft  Breaks 

ABK 

1.00000 

0.0 

ABR 

0.94203 

0.0001 

ASU 

0.70339 

0.0034 

ASD 

0.43913 

0.1015 

ABR 

Aircraft  Break  Rate 

0.94203 

0.0001 

1.00000 

0.0 

0.49804 

0.0588 

0.48070 

0.0697 

AStJ 

Aircraft  Sortie  Utiliz<itlon 
Rate 

0.70339 

0.0034 

0.49804 

0.0588 

1.00000 

0.0 

0.16720 

0.5514 

ASD 

Average  Sortie  Duration 

0.43913 

0.1015 

0.48070 

0.0697 

0.16720 

0.5514 

1.00000 

0.0 

CAM 

Canni bal izat ions 

0.70190 

0.0035 

0.62070 

0.0135 

0.43947 

0.1012 

0.02635 

0.9257 

CNR 

Cannibalization  Rate 

0.31142 

0.2585 

0.31684 

0.2499 

0.01878 

0.9470 

-0,16965 

0.5455 

HEM 

Aircraft  Hours  FIomi 

0.91415 

0.0001 

0.77962 

0.0006 

0.75762 

0.0011 

0.62957 

0.0119 

LTD 

Late  Take-Offs 

0.52764 

0.0432 

0.. 55492 
0.0318 

0.20098 

0.4726 

0.15794 

0.5740 

MHE 

Manhours  Expended 

0.77861 

0.0006 

0.75544 

0.0011 

0.34724 

0.2048 

0.39562 

0.144^ 

PSA 

Possessed  Aircraft 

0.60659 

0.0165 

0.57125 

0.0261 

0.05621 

0.8423 

0.25242 

0.3641 

PSH 

Possessed  Hours 

0.64638 

0.0092 

0.55481 

0.0318 

0.23538 

0.3984 

0.22225 

0.4259 

SAT 

Sorties  Atteirpted 

0.90823 

0.0001 

0.76102 

0.0010 

0.79109 

0.0004 

0.40306 

0.1363 

SEM 

Sorties  Flown 

0.90827 

0.0001 

0.72090 

0.0024 

0.85380 

O.OOQl 

0.29971 

0.2778 

SSD 

Sorties  Scheduled 

0.87246 

0.0001 

0.73501 

0.0018 

0.71611 

0.0027 

0.36455 

0.1816 

TOM 

TNMCM  Rate 

0.86276 

0.0001 

0.84462 

0.0001 

0.59652 

0.0189 

0.61652 

0.0144 

TOS 

TOMCS  Rate 

0.54167 

0.0370 

0.60517 

0.0168 

0.13338 

0  ,6356 

0.03176 

0.9105 
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ABK 

ABR 

ASU 

ASD 

Airczaft  Fix  Rate 

-0.20270 

0.4688 

-0.36947 

0.1753 

0.18722 

0.5340 

0.04915 

0.8619 

MCK 

Mission  C(q)able  Rate 

-0.62154 

0.C134 

-0.68314 

0.0050 

-0.25947 

0.3504 

-0.32733 

0.2337 

MF'H 

Nuniber  Fixed  in  18  Hours 

0.96899 

0.0001 

0.86768 

0.0001 

0.75537 

0.0011 

0.45772 

0.0862 

CAM 

CNR 

HFN 

LTO 

ABK 

Aircraft  Breaks 

0.70190 

0.0035 

0.31142 

0.2585 

0.91415 

0.0001 

0.52764 

0.0432 

ABR 

Aircraft  Break  Rate 

0.62070 

0.0135 

0.31684 

0.2499 

0.77962 

0.0006 

0.55492 

0.0318 

ASU 

Aircraft  Sortie  Lftilizatlon 
Rate 

0.43947 

0.1012 

0.01878 

0.9470 

0.75762 

0.0011 

0.20098 

0.4726 

ASD 

Average  Sortie  Duration 

G. 02635 
0.9257 

-0.16965 

0.5455 

0.62957 

0.0119 

0.15794 

0.5740 

CAN 

Cannibal Izat ions 

1.00000 

0.0 

0.8712-3 

0.0001 

0.58666 

0.0215 

C.  68586 
0.0048 

a» 

Cannibalization  Rate 

0.87123 

0.0001 

1.00000 

0.0 

0.15093 

0.5716 

0.59764 

0.0186 

HFN 

Aircraft  Hoiurs  Flown 

0.58666 

0.0215 

0.15893 

0.5716 

1.00000 

0.0 

0.40487 

0.1344 

LTD 

Late  Take-Offs 

0.68586 

0.0048 

0.59764 

0.0186 

0.40487 

0.1344 

1.00000 

0.0 

MHE 

Manhours  Expended 

0.79310 

0.0004 

0.59784 

0.0186 

0.72160 

0.0024 

0.56806 

0.0272 

PSA 

Possessed  Aircraft 

0.70544 

0.0033 

0.56300 

0.0289 

0.55268 

0.0326 

0.51014 

0.0520 

PSH 

Possessed  Hours 

0.70946 

0.0031 

0.51196 

0.0511 

0.62154 

0.0134 

0.43343 

0.1065 

SAT 

Sorties  Attenpted 

0.70097 

0.0036 

0.29487 

0.2860 

0,92969 

0 . 0001 

0.47125 

0.0762 
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C.W 

CNR 

HFN 

LTO 

sm 

Sorties  Flown 

0.70135 

0.003fi 

0.26711 

0.3359 

0.92839 

0.0001 

0.41108 

0.1280 

SSD 

Sorties  Scheduled 

0.75248 

0.0012 

0.39618 

0.1438 

0.87878 

0.0001 

U. 59002 
0.0206 

TOK 

IfMCM  Rate 

0.49873 

0.0534 

0.16151 

0.5653 

C. 84488 
0.0001 

0.44808 

0.0939 

TNS 

TNMCS  Rate 

0.64310 

0.0097 

0.57829 

0.0239 

0.33016 

0.2294 

0.54537 

0.0355 

AFR 

Aircraft  Fix  Rate 

“0.43858 

0.1020 

-0.56754 

0.0273 

0.02326 

0.9344 

-0.59285 

0.0198 

MCJa 

Mission  Capable  Rate 

-0.53102 

0.0417 

-0.37961 

0.1628 

-0.49429 

0.0611 

-0.62215 

0.0133 

jam 

Munber  Fixed  in  18  Hours 

0.60751 

0.0163 

0.178G2 

0.5242 

0.93591 

0.0001 

0.38713 

0.1540 

MHE 

PSA 

PSH 

SAT 

^jiBK 

Mrcraft  Breaks 

0.77861 

0.0006 

0.60659 

0.0165 

0.64638 

0.0092 

0.90823 

0.0001 

ABR 

Aircraft  Bi:  Jiak  Rate 

0.75544 

0.0011 

0.57125 

0.0261 

0.55481 

0.0318 

0.76102 

0.0010 

ASU 

Aircraft  Sortie  Utilization 
Rate 

..34724 

0.2048 

0.05621 

0.8423 

0.23538 

0.3984 

0.79109 

0.0004 

ASO 

Average  Sortie  Duration 

0.39562 

0.1444 

0.25242 

0.3641 

0.22225 

0.4259 

0.40306 

0.1363 

CAM 

Canni bal 1 zat ions 

0.79310 

0.0004 

0.70544 

0.0033 

0.70946 

0.0031 

0.70097 

0.0036 

aJR 

cannibal  lz<at ion  Rate 

0.59784 

0.0186 

0.56300 

0.0289 

0.51196 

0.0511 

0.29487 

0.2860 

HFN 

Aircraft  Hours  Flown 

0.72160 

0.0024 

0.55268 

0.0326 

0.62154 

C.G134 

0.92969 

0.0001 

LTD 

Late  Take-Offs 

0.56806 

0.0272 

0.51014 

0.0520 

0.43343 

0.i065 

0. 47125 
0.0762 
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MHB 

PSA 

PSH 

SAT 

MHB 

Manhours  Expended 

1.00000 

0.0 

0.81390 

0.0002 

0.84157 

0.0001 

0.74778 

0.0013 

PSA 

Possessed  Aircraft 

0.81390 

0.0002 

1.00000 

0.0 

0.86536 

0.0001 

0.58515 

0.0219 

PSH 

Possessed  Hours 

0.84157 

0.0001 

0.86536 

0.0001 

1.00000 

0.0 

0.59412 

0.0195 

SAT 

Sorties  AttCiirpted 

0.74778 

0.0013 

0.58515 

0.0219 

0.59412 

0.0195 

1.00000 

0.0 

SFM 

Sorties  Flown 

0.70226 

0.0035 

0.56119 

0.0295 

0.65487 

0.0081 

0.95725 

0.0001 

SSD 

Sorties  Scheduled 

0.78577 

0.0005 

0.62188 

0.0133 

0.61] 78 
0.0154 

0.97396 

0.0001 

•WM 

TNMCM  Rate 

0.72716 

0.0021 

0.44929 

0.0929 

0.53193 

0.0412 

0.72069 

0.0024 

TNS 

TI^MCS  Rate 

0.60139 

0.0177 

0.59668 

0.0189 

0.54530 

0.0355 

0.39034 

0.1503 

AFR 

Aircraft  Fix  Rate 

-0.41159 

0.1274 

-0.33182 

0.2270 

-0,27142 

0.3278 

0.04628 

0.8699 

MCR 

Mission  Capable  Rate 

-0.61074 

0.0156 

-0.47983 

0.0703 

-0.51236 

0.0508 

-0.43180 

0.1080 

NFK 

Number  Fixed  in  18  Hours 

0.69523 

0.0040 

0.54860 

0.0342 

0.59671 

0.0189 

0.93790 

0.0001 

SFN 

SSD 

TNM 

TNS 

ABK 

Aircraft  Breiaks 

0.90827 

0.0001 

0.87246 

0.0001 

0.86276 

0.0001 

0.54167 

0.0370 

ABR 

Aircraft  Break  Rate 

0.72090 

0.0024 

0.73501 

0.0018 

0.84462 

0.0001 

0.60517 

0.0168 

ASU 

Aircraft  Sortie  Utilization 
Rate 

0.85380 

0.0001 

0.71611 

0.0027 

0.59652 

0.0189 

0.13338 

0.6356 

ASD 

Average  Sortie  Duration 

0.29971 

0.2778 

0.36455 

0.1816 

0.61652 

0.0144 

0.03176 

0.9105 
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SFN 

SSD 

TOM 

TOS 

CAN 

Cannibal izat ions 

0.70135 

0.0036 

0.75248 

0.0012 

0.49873 

0.0584 

0.64310 

0.0097 

CNR 

Cannibalization  Rate 

0.26711 

0.3359 

0.39618 

0.1438 

0.16151 

0.5653 

0.57829 

0.0239 

HFN 

Aircraft  Honrs  Plovni 

0.92839 

0.0001 

0.87878 

0.0001 

0.84488 

0.0001 

0.33016 

0.2294 

LTD 

Late  Take-Offs 

0.41108 

0.1280 

0.59002 

0.0206 

0.44808 

0.0939 

C. 54537 
0.0355 

HHB 

Manhours  Expended 

0.70226 

0,0035 

0.78577 

0.0005 

0.72716 

0.0021 

0.60139 

0.0177 

PSA 

Possessed  Aircraft 

0.56119 

0.0295 

0.62188 

0.0133 

0.44929 

0.0929 

0.59668 

0.0189 

PSH 

Possessed  Hours 

0.65407 

0.0081 

0.61178 

0.0154 

0.53198 

0.0412 

0.54530 

0.0355 

SAT 

Sorties  Attempted 

0.95725 

0.0001 

0.97396 

0.0001 

0.72069 

0.0024 

0.39034 

0.1503 

SFN 

Sorties  Flown 

1.00000 

0.0 

0.91142 

0.0001 

0.73837 

0.0017 

0.40454 

0.1347 

SSD 

Sorties  Scheduled 

0.91142 

O.OOOl 

1.00000 

0.0 

0.69945 

0.0037 

0.44328 

0.0979 

TOM 

TNMCM  Rate 

0.73837 

0.0017 

0.69945 

0.0037 

1.00000 

0.0 

0.47705 

0.0722 

TOS 

TOMCS  Rate 

0.40454 

0.1347 

0.44328 

0.0979 

0.47705 

0.0722 

1.00000 

0.0 

APR 

Aircraft  Fix  Rate 

0.01657 

0.9533 

-0.01110 

0.9687 

-0.31246 

0.25G9 

-0.54190 

0.0369 

MCR 

Mission  Capable  Rate 

-0.45964 

0.0848 

-0.47398 

0.0743 

-0.73030 

0.0020 

-0.88214 

0.0001 

NFH 

Number  Fixed  in  18  Hours 

0.93027 

0.0001 

0.88843 

0.0001 

0.79853 

0.0004 

0.43233 

0.1075 
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ABK 

Alrcz;a£t  BreaJcst 

-0.20270 

0.4688 

■0.62154 

0.0134 

0.%899 

0.0001 

NBR 

Aircraft  Break  Rate 

-0.36947 

0.1753 

-0.68314 

0.0050 

0.86768 

0.0001 

ABU 

Aircraft  Sortie  Utilization  Rate 

0.18722 

0.5u40 

-0.25947 

0.3504 

0.75537 

0.0011 

ASD 

Avttrafge  Sortie  Duration 

0.04915 

0.8619 

-0.32733 

0.2337 

C. 45772 
0.0862 

CW 

Canni  tal  izat  i  c»ns 

-0.43858 

C.1020 

-0.53102 

0.0417 

0.60751 

0.0163 

a« 

Cannibalization  Rate 

-0.56754 

0.0273 

-0.37961 

0.1628 

0.17862 

0.5242 

HEIN 

Aircraft  Hours  Flown 

0.02326 

0.9344 

-0.49429 

0.0611 

0.93591 

0.0001 

LTD 

Late  Take-Offs 

-0.59285 

0.0198 

-0.62215 

0.0123 

0.38713 

0.1540 

MiE 

Manhours  E}q>ended 

-0.41159 

0.1274 

-0.61074 

0.0156 

0.69523 

0.0040 

PS^ 

Possessed  Aircraft 

•0.33182 

0.2270 

-0.47983 

0.0703 

0.54860 

0.0342 

PSK 

Possessed  Hours 

-0.27142 

0.3278 

-0.51236 

0.0508 

0.59671 

0.C159 

SAT 

Sorties  Attenpted 

0.04628 

0.8699 

-0.43180 

0.1080 

0.93790 

0.0001 

SFH 

Sorticis  Flown 

0.01657 

0.9533 

-0.45964 

0.0848 

0.93027 

0.0001 

SSD 

Sorties  Scheduled 

-0.01110 

0.9687 

-0.47398 

0.0743 

0.88843 

0.0001 

nti 

TMMCM  Rate 

-0.31246 

0.2569 

-0.73030 

0.0020 

0.79853 

0.0004 

IMS 

TNMCS  l^ate 

-0.54190 

0.0369 

-0.88214 

0.0001 

0.43233 

0.1075 

APR  rtCR  NFH 


AFR 

Aircraft  Fix  Rate 


1.00000  0.57237  0.04204 

0.0  0.0258  0.8818 


MCR 

Mission  Capable  Rate 


0.67237  1.00000  -0.49822 

0.0258  0.0  0.0587 


NFH 

Ncamber  Fixed  In  18  Hours 


0.04204  -0.49822  1.00000 

0.8818  0.0587  0.0 


9.  FB-lllA 


CNX 

CXR 

cm 

Cancellations 

1.00000 

0.0 

0.97025 

0.0001 

CXR 

Cancellation 

Rate 

0.97025 

0.0001 

1.00000 

0.0 

SAT 

Sorties 

Atteirpted 

-0.19169 

0.4937 

-0.38476 

0.1567 

TOM 

TNMCM  Rate 

0.64527 

0.0094 

0.67742 

0.0055 

TOS 

TOMCS  Rate 

0.18196 

0.5163 

0.17037 

0.5438 

MCR 

Mission 
Capable  Rate 

-0.81031 

0.0002 

-0.83483 

0.0001 

SAT 

TNM 

TOS 

MCR 

-0.19169 

0.4937 

0.64527 

0.0094 

0.18196 

0.5163 

-0.81031 

0.0002 

-0.38476 

0.1567 

0.67742 

0.0055 

0,17037 

0.5438 

-0.83433 

0.0001 

1.00000 

0.0 

-0.51568 

0.0491 

0.06757 

0.8109 

0.42964 

0.1100 

-0.51568 

0.0491 

1.00000 

0.0 

0.30037 

0.2767 

-0.86358 

0.0001 

0.06757 

0,8109 

0.30037 

0.2767 

1.00000 

0.0 

-0.44362 

0.0S76 

0.42964 

0.1100 

-0.86358 

0.0001 

-0.44362 

0.0976 

1,00000 

0.0 
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l^....KC-135A/:P/E/a 


Stepwise  Procedure  for  Dependent  Variable  MCR 


R-square  » 

0.98744065  C(p)  « 

• 

IF 

Sum  of  Squares 

Mean  Squaure 

F  Prob>F 

Regression 

6 

69.88051671 

11,64675278 

104.83  0.0001 

Error 

8 

0.88881662 

0.11110208 

Total 

14 

70.76933333 

Parameter 

Standard 

TyP«II 

Variable 

Estimate 

Error 

Sum  of  Squares 

F 

Prob>F 

IMTERCEP 

38.04622195 

2.38444222 

28.236C0728 

254.59 

9.0001 

C3(R 

0.75877404 

C. 22775737 

1.23311115 

11.10 

0.0104 

HFW 

0.00097751 

0.00012436 

6.87570170 

61.89 

0.0001 

LTD 

-0.01446777 

0.00832972 

0.335170C6 

3.02 

0.1206 

MHS 

-0.04293796 

0  01124485 

1.61993435 

14.58 

0.0051 

PSA 

0.10113728 

0.01137570 

8.78189237 

79.04 

0.0001 

AFR 

0.24319189 

0,02170248 

13.95088169 

125.57 

0.0001 

S<:epwi,se  Procedure  for  Dependent  Variable  TNS 


R-square  = 

0.95600282  C(p)  = 

• 

DF 

Sum  of  Squares 

Mean  Squaure 

F  Prob>F 

Regression 

5 

36.80355913 

7.36071183 

39.11  0.0001 

Error 

9 

1.69377421 

0.18819713 

Total 

14 

38.49733333 

Variable 

Parameter 

Estimate 

Standard 

EIrror 

Type  II 
Sum  of  Squares 

F 

Prob>F 

INTERCEP 

5) .32581732 

3.60488601 

38,15062715 

202.72 

0.0001 

ASD 

-1.32164121 

0.58075956 

0.94512700 

5.02 

0.0518 

PSA 

-0.10388919 

0.01885950 

5.71075456 

30.34 

0.0004 

PSH 

0.00007197 

0.00002006 

2.42385710 

12.88 

0.0058 

SSD 

-0.00496849 

0.00066817 

10.40623053 

55.29 

0.0001 

AFR 

-0.19832473 

0.02556992 

11.32160112 

60.16 

0.0001 
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Stepwise  Prcx^edure  for  Dependent  Variable  TNM 


R-aquare  «  0.92365682  C(p)  « 


DF  Sum  off  Squares  Mean  Square  F  Prob>P 


Regression 

1  4  20. 

06182621 

Error 

10  1. 

65817379 

Total 

14  21. 

V2000000 

Parameter 

Standard 

Variable 

Estinate 

Error 

INTERCEP 

33.94379560 

2.65581546 

CNX 

-0.02507325 

0.01484972 

MHF 

0.1536fi301 

0.02731124 

PSA 

-0.07321202 

0.01027244 

A8R 

-0.11659759 

0.02498530 

01545655  30.25  0.0001 

.16581738 


Type  II 
Sum  of  Squares 

F 

Prob>F 

27.08663547 

163.36 

0.0001 

0.47273205 

2.85 

0.1222 

5.25048013 

31.66 

0.0002 

8.42262419 

50.79 

0.0001 

3.61110365 

21.78 

0.0009 

2..  KCTiaas 


Stepwise  Procedure  for  Dependent  Variable  MCR 


R-square  = 

0.92328033 

C(p) 

DF  Sum  of:  Squares 

itean  Sij’aare 

F 

Prob>F 

Regression 

4 

89.16070720 

22.29017680 

32.36 

0.0001 

Error 

10 

6.88862614 

0.68686261 

Total 

14 

96.01933333 

Parameter 

Standard 

Type  II 

Variable 

Estimate 

K^rror 

Sum  of  Squares 

F 

Prob>6 

INTERCEP 

80.19298923 

2.16064641 

948.93839839 

1377.54 

0.0001 

AAB 

-0.19724352 

0.07776295 

4.43192739 

6.43 

0.0295 

ABR 

0,56448108 

0.2757178? 

2.88736522 

4.19 

0.0678 

C3CR 

-3.18676447 

0.31588910 

70.10730464 

101.77 

0.0001 

CAN 

0.06275161 

0.01199742 

18.84546883 

27.36 

0.0004 
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Stepwise  Procedure  for  Dependent  '.triable  TNS 


R“Square  =■  0.93067079  C(p)  =• 


WT  Sum  of  Squares 

Mean  Square 

F 

Prob>F 

Regress ion 

i 

36.31105169 

9.07776292 

33,56 

0.0001 

Error 

10 

2.70494831 

0.27049483 

Total 

14 

39,01600000 

ParaiYteter 

Standard 

Type  II 

Variable 

Estimate 

Error 

Sum  of  Squares 

F 

Prob>F 

INTERCEP 

3.26669287 

2.66361146 

0.40684954 

1.50 

0.2481 

CXR 

1,67561051 

0.17293874 

25.39338065 

93.38 

0.0001 

CAM 

-0,02287072 

0.00810153 

2.15567771 

7.97 

0.0131 

MHF 

0.10300524 

C. 02754043 

3.84287464 

14.21 

0.0037 

APR 

0.03676311 

0.01570155 

1.48285423 

5.48 

0.0412 

Stepwise  Procedure  for 

Dependent  Variable 

TMM 

R~square  = 

0.74857707 

C(p)  =  . 

DP  Sum  of  Squares 

Mean  Square 

F 

Prob>F 

Regression 

4 

31.36837357 

7.84203339 

7.44 

0.0048 

fcl'ror 

10 

10.53562643 

1.05356264 

Total 

14 

41.90400000 

Parameter 

Standard 

Type  11 

Variable 

Estimate 

Error 

Sum  of  Squares 

F 

Prob>F 

IWTERCEP 

14.93912778 

2.C7206841 

32.93181750 

31.26 

0.C002 

AAB 

0.19902250 

0.09616933 

4.51223273 

4,28 

0.0653 

ABR 

-0.60323452 

0.34097935 

3.29742793 

3.13 

0.1073 

CXR 

1.90416680 

0.39065961 

25.03071943 

23.76 

0.0006 

CAN 

-0.04359398 

0.01483719 

9.0951 5694 

8.63 

0.0148 
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3.  RC-135V/N 


Stepwise  Procedure  for  Dependent  Variable  MCR 


R-square  =» 

0.25837765  C(p)  = 

DF  Sum  of  Squares 

Mean  Square 

F 

Prob>F 

Regression 

Error 

Total 

1  205.11155058 

13  588.73244942 

14  793.84400000 

205.11155058 

45.28711149 

4.53 

0.0530 

Variable 

Paxeuneter  Standard 

Estimate  Error 

Type  II 
Sum  of  Squares 

F 

Prob>F 

INIIERCEP  - 
PSH 

-11.03150188  36.69764957 
0.01010084  0.00474624 

4.09229949 

205.11155058 

0.09 

4.53 

0.7665 

0.0530 

Stepwise  Procedure  for  Dependent  Variable  TNS 


R-square  ® 

0.59685876 

C(p)  = 

DF  Sum  of  Squares 

Mean  Square 

F 

Prob>F 

Regression 

3 

517.32693185 

172.44231062 

5.43 

0.0155 

Error 

11 

349.42240148 

31.76567286 

Total 

14 

866.74953333 

Parameter 

Standard 

Type  II 

Variable 

Estimate 

Error 

Sum  of  Squares 

F 

Prob>F 

INTERCEP 

80.64843652 

32.29190732 

198.13562505 

6.24 

0.0296 

ABR 

0.47477789 

0.24837145 

116.07419879 

3.65 

0.0823 

CNR 

51.79067828 

29.05015648 

100.96347839 

3.18 

0.1022 

PSH 

-0.01002689 

0.00401020 

198.58993114 

6.25 

0.0295 
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Stepwise  Procedure  for  Dependent  variable  TNM 


R-square  ®  0,31295350  C(p)  = 


DF 


Sum  of  Squares  Mean  Square 


F  Prob>F 


Regression  1 
Error  13 
Total  14 


69.51323133 

152,60676867 

222.12000000 


69,51323133 

11.73898221 


5.92  0.0301 


Variable 


Parameter 

Estimate 


Standard 

Error 


Type  II 
Sum  of  Squares 


F  Prob>F 


INTERCEP  22.48229325  1.69478334 
CXR  0.66039551  0.27138485 


2065.77628609  175.98  0.0001 

69.51323133  5.92  0.0301 


4.  EC-135A/C/G/L/N/Y 


Stepwise  Procedure  for  Dependent  Variable  MCR 
R-square  =  0.85793639  C(p)  =  . 


IF  Sum  of  Squares 

Mean  Square 

F 

Prob>P 

Regression 

4  468 

.29371166 

117.07342792 

15.10 

0.0003 

Error 

10  77 

.54362167 

7.75436217 

Total 

14  545 

.83733333 

Parameter 

Standard 

TVpe  II 

Variable 

Estimate 

Error 

Sum  of  Squares 

F 

Prob>F 

INTERCEP 

-77.81496054 

52.54836611 

17.00410781 

2.19 

0.1695 

CNR 

61.84632562 

36.18240968 

22.65577447 

2.92 

0.1182 

HFN 

0.06939123 

0.01748021 

122.19741418 

15.76 

0.0026 

MHS 

0.26833042 

0.09567562 

60.99346653 

7.87 

0.0186 

NFH 

-0.21846782 

0.12694103 

22.96767434 

2.96 

0.1160 

160 


Stepwise  Procedurs2  for  Dependenr  \/'ariable  TNS 


R-square  «  0.72335314  C(p)  » 


CF  Sum  of  Squares 

Mean  Square 

F 

Prob>F 

Regression 

Error 

Total 

1  190.55243469 

13  72.87689865 

14  263.42933333 

190.55243469 

5.60591528 

33.99 

0.0001 

Variable 

Parameter  Standard 

Estimate  Eitror 

Type  II 
Sum  of  Squares 

F 

Prob>F 

INTERCEX^ 

ASR 

-0.99820323  3.31430657 

0.53177720  0.09121069 

0.50850955 

190.55243469 

0.09 

33.99 

0.7680 

0.0001 

Stepwise  Procedure  for  [)ependent  Vt^lable  TNM 
R-squara  =  0.61097171  C(p)  = 


OF  Sum  of  Squares 

Mean  Square 

F 

Prob>F 

Regression 

2  196 

.82412973 

98.41206486 

9.42 

0.0035 

Error 

12  125 

.32520361 

10.44376697 

. 

Total 

14  322 

.14933333 

Parameter 

Standard 

Type  II 

Variable 

Estimate 

Error 

Sum  of  Squares 

F 

Prob>F 

INTERCEP 

36.66665744 

13.84495590 

73.25152269 

7.01 

0.0212 

fIFN 

-0.02302460 

0.00801483 

86.18912545 

8.25 

0.0140 

NFH 

0.27671494 

0.11533699 

60.11532244 

5.76 

0.0336 
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St^-ipwlae  Procftdvxce  for  Dependent  Variable  MCR 


R-squaire  =  0.6761flS78  C(f)  - 


DF  Sum  of  Squares 

Mean  Square 

F 

Prob>F 

Regression 

4 

790.81910210 

197.70477553 

5.22 

0.0156 

Error 

10 

378.71023123 

37-87102312 

Total 

14  1169.^2933333 

Parameter 

Star*dard 

Type  ]i 

Vciriable 

Estimate 

Error 

Sum  of  Squares 

F 

Prob>F 

INTERaiP 

“9.70800897 

21.61828706 

7.63703563 

0.20 

0.6630 

ASD 

11.59708123 

3.78416945 

355.68314531 

9.39 

0.0119 

MHE 

-0.00093483 

0.00049423 

135.49257598 

3.58 

0.0878 

SFN 

0.95309276 

0.28209364 

432.30553322 

11.42 

0.0070 

AFR 

0.20830702 

0.07822212 

268.56887550 

7.09 

0.0238 

Stepwise  Procedure  for  Dependent  Variable  TNS 
R-sqn«tre  =  0.4049^789  C(p)  . 


DP  Sum  cf  Squares 

Mean  Square 

F 

Prob>F 

Regression 

2 

383.15878597 

191.57939298 

4.08 

0.0444 

Eiror 

12 

562.31721403 

46.90976784 

Total 

14 

946.07600000 

Parameter 

Standard 

Type  II 

Variable 

Estimate 

’Srror 

Sum  of  Squares 

F 

Prob>F 

INTER'SEJP 

-8.97003221 

6.62014600 

86.12240595 

1.84 

0.2004 

LTR 

0.44688887 

0.24872680 

151.43183706 

3.23 

0.0976 

MHF 

0.18475454 

0.07808874 

262.58912669 

5.60 

0.0357 
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dit 


Stepwise  Procedure  for  Dependent  V'.siriable  TOM 


R-square  =  0.44768801  C(p)  = 


Sum  of  Squares 

Mean  Square 

F 

Prob>F 

Regression 

2 

560.53045670 

280.26522835 

4.86 

0.0284 

Error 

12 

691.52554330 

57.62712861 

Total 

14 

1252.05600000 

Parameter 

Standard 

Type  II 

Variable 

Estimate 

Error 

Sum  of  Squares 

F 

Prob>F 

INTERCBP 

79.66043329 

19.26564540 

985.24714338 

17.10 

0.0014 

PSH 

-0.02189886 

0.00830735 

400.44679037 

6.95 

0.0217 

APR 

-0.13117397 

0.0754S091 

l'T4..  13185883 

3.02 

0.1077 

Stepwise 

Procedure  for  Dependent  Varia8:>le  MCR 

R-square  = 

0.60859503 

C(p)  =  . 

DF 

Sum  of  Squares 

Mean  Square 

F 

Prob>F 

Regression 

4 

61.66284844 

15.41571211 

3.89 

0.0371 

E^ror 

10 

39.65715156 

3.96571516 

Total 

14 

101.32000000 

Parameter 

Standard 

Type  II 

Variable 

Estinate 

Error 

Sum  of  Squares 

F 

Prob>F 

INTERCEP 

48.76243266 

5.58909758 

301.86228320 

76.12 

0.0001 

ABR 

-0.50036148 

0.16976295 

34.45112719 

8,69 

0.0146 

CNX 

-0.09931590 

0.05771574 

11.74277154 

2.96 

0.1160 

LTO 

0.79725166 

0.34572386 

21.08888816 

5.32 

0.0438 

MFH 

0.08617415 

0.03563780 

23.18749194 

5.85 

0.0362 
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Stepwise  Procedure  for  Dependent  Variable  TNS 


R-square  «  0.16579056  C(p)  « 


DF  J 

Sum  of  Squares 

Mean  Square 

F 

Prob>F 

Regression 

1 

7.70152411 

7.70152411 

2.58 

0.1320 

Error 

13 

38=75180923 

2.98090840 

Total 

14 

46.4533j333 

Parameter 

Stcuidard 

Type  II 

Variable 

Estimate 

Error 

Sum  of  Squares 

F 

Prob>F 

INIERCEP 

39.94011536 

3.00301100 

527.29471203 

176.89 

0.0001 

CAN 

-0.01039062 

0.00646439 

7.70152411 

2.58 

0.1320 

Stepwise  Procedure  for  Dependent  Variable  'niM 
R-square  =  0.28286304  C(p)  = 


DF  Sum  of  Squares 


Mean  Square 


F  Prob>F 


Regression  1 
Error  13 
Total  14 


61.63603169  61.63603169  5.13  0.0413 

156.26396831  12.02030525 

217.90000000 


Parameter 
Variable  Estimate 


Standard 

Error 


Type  II 
Sum  of  Squares 


F  Prob>F 


INTERCEP  13.66899532  6,96063531 
ABR  0.45615772  0.20144451 


46.35439589 

61.63603169 


3.86  0.0713 

5.13  0.0413 
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B 


i>.3zsm 


Stepwise  Procedure  tor  Depaiideut  Va::iable  i*«CR 


R~square  »  0.34744220  C(p)  = 


DF 


Sum  of  Squares  Mean  Sq’jare 


F  Prob>F 


Regression  1 
Error  .13 
Total  14 


16.82315151 

31.59684849 

48.42000000 


16.82315151 

2.43052681 


C.92  0.0208 


Variable 


Paraneter  Standard  Type  II 

Estimate  Error  Sum  of  Squares 


F  Prob>F 


INTERCEP  59.66591214  6.71477254 
APR  0.25104359  0.09572545 


191.90680369  78.96  0.0001 
16.82315151  6.92  0.0208 


Stepwise  Procedure  for  Dependent  Variable  TNS 


R-square  =  0.61927384  C(p)  = 


LF  Sum  of  Squares 

Mean  Square 

F 

Prob>F 

Regression 

3 

46.48104277 

15.49368092 

5.96 

0.0115 

Error 

11 

28.57629056 

2.59784460 

Total 

14 

75.05733333 

Parameter 

Standard 

'iype  II 

Variable 

Estimate 

Error 

Sum  of  .Squares 

F 

Prob>F 

51,69792248 

9,07849851 

84.24250971 

32.43 

0.0001 

LTO 

-0.09587816 

0.U5314832 

8.45421663 

3.25 

0.0987 

MIIE 

-0.00006511 

0.00003067 

11.70401527 

4.51 

0.0573 

AFR 

-0.35578411 

0.10179774 

31.73291772 

12.22 

0.0050 
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Stepwise  Procedure  for  Dependent  Variable  TNM 


R-square  =  0.17854837  C(p)  = 


DF  Sum  of  Squares  Kean  Square 


F  Prob>P 


Regression  1 
ISrror  13 
Total  14 


5.95232663 

27.38500671 

33.33733333 


5.95232663 

2.10653898 


2.83  0.1166 


Variable 


Paraireter  Standard  Type  II 

Estimate  Error  Sum  of  Squares 


P  Prob>F 


INTERCEP  15.86436812  1.05010733 
CNX  0.10944459  0.06510820 


480.78142589  220.23  0.0001 

5.95232663  2,63  0.1166 


8.  B-52G 


Stepwise  Procedure  for  Dependent  Varicible  HCSt 
R-square  =  0.58524529  C(p)  = 


Sum  of  Squares  Mean  Square 


F  Prob>F 


Regression 

2 

30.18070922 

15.09035461 

8.47 

0.0051 

Error 

12 

21.38862411 

1.78238534 

Total 

14 

51.56933333 

Parameter 

Standard 

Type  II 

Variable 

Estimate 

Error 

Sun  of  Squares 

P 

Prob>P 

INTERCEP 

72.66935753 

8.55907242 

128.48453034 

72.09 

0.0001 

ABR 

-0.21910116 

0.08025072 

13.285S6533 

7.45 

0.0183 

APR 

0.17509608 

0.09453547 

6.11455479 

3.43 

0.0867 
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Stepwise  Procedure  for  Dependent  Varioiible  TNS 


R-square  == 


Regress  ^  on 

Error 

Total 


Variable 

INTERCEP 

CAN 


R-square  ■ 


Ritgression 

Bczor 

iy>t«i 


liable 

IMimJIP 

MK 

l«N 


413578S8  C(p)  = 

DF  Sum  of  Squares 

Mean  Square 

F 

Prob>F 

1  22.34153125 

13  31.67046875 

14  54.02000000 

22.34153125 

2.43680529 

9.17 

0.0097 

Parameter  Standard 

Estimate  Error 

Type  II 
Sum  of  Squares 

F 

Prob>F 

6.48096319  1.93128609 

0.02390236  0.00789395 

27.44140567 

22.34153125 

11.26 

9.17 

0.0052 

0,0097 

Stepwise  Procedure  for  Dependent  Variable  TtlM 


1.85122927 

C(p)  » 

DP  Sum  of  Squares 

Mean  Square 

F 

Prob>F 

3 

22.45883308 

7.48627769 

20.98 

0.0001 

U 

3.92516692 

0.35683336 

14 

26.38400000 

ParamBt«n; 

Standard 

Type  II 

btimste 

Error 

S»  of  Squares 

P 

Prob>F 

3.92490893 

3.12267164 

0.56373108 

1.58 

0.2348 

0.03091081 

0.00982523 

3.53183982 

9,90 

0.0093 

1.25992810 

0.50596579 

2.21265989 

6.20 

0.0300 

-0.02245105 

0.01359281 

0.97346575 

2.73 

0.1268 
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Stepwise  Frcx:edure  for  Dependent  Variable  TOS 
R'square  =  0.88662924  C(p)  * 


DP  Sun  of  Squares 

Mean  Si^uare 

F 

Prob>F 

Regression 

4 

93.48027572 

23.37006893 

19.55 

0.0001 

Error 

10 

11.95305761 

1.19530576 

Total 

14 

105.43333333 

Parameter 

Standard 

Type  II 

Variable 

Estimate 

Error 

Sum  of  Squares 

F 

Prob>F 

INTERCEP 

85.26275582 

9.66487610 

93.02617466 

77.83 

0.0001 

C3CR 

-1.06911154 

0.13250199 

77.81803525 

65.10 

0.0001 

MHP 

-0.09441557 

0.04042323 

6.52085161 

5.46 

0.0416 

P9A 

-0.82283627 

0.32863756 

7.49327156 

6.27 

0.0312 

PSH 

0.00112162 

0.00030033 

16.67103759 

13.95 

0.0039 

Stepwise  Procedure  for 

Dependent  Variable  TNS 

R-square  * 

0.21753092 

C(p)  . 

DF  Sum  of  Squares 

Meaui  Square 

F 

Prob>F 

Regression 

1 

7.37342819 

7.37342819 

3.61 

0.0797 

Error 

13 

26.52257181 

2.04019783 

Total 

14 

33.89600000 

Parameter 

Standard 

Type  II 

Var lable 

Estimate 

Error  Sum  of  Squares 

F 

Prob>F 

INTERCEP 

21.87171224 

4.75465640 

43.17174199 

21.16 

0.0005 

AFR 

-0.11499420 

0.06048913 

7.37342819 

3.61 

0.0797 
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Stepwise  Procedure  for  Dependent  Variable  “IWM 


R-square  «  0.86351847  C(p)  = 


DP  Sum  of  Squares 

Mean  Square 

F 

Prob>F 

Regression 

6 

111.6G099825 

18.61C16630 

B.44 

0,0041 

Error 

8 

17.64833508 

2.20604109 

Total 

14 

129.30933333 

Parameter 

Standc*rd 

IVpe  II 

Variable 

Estinete 

ESrror 

Sum  of  Squares 

F 

Prob>F 

INTERCEP 

-4.08321842 

18.64723348 

0.10577674 

0.05 

0.8322 

AAR 

3.59195585 

1.59816128 

11.14383120 

5.05 

0.0548 

ASD 

-3,14474941 

1.85614252 

6.33232508 

2.87 

0.1287 

cm 

-1.28473194 

0.77421895 

6.07450927 

2.75 

0.1356 

CXR 

4.87101738 

2.65326199 

7.43520319 

3.37 

0.1037 

SAT 

-0.05772736 

0.02340772 

13.41710553 

6.08 

0.0389 

SSD 

0.12219413 

0.04865347 

13.91511430 

6.31 

0.0363 
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Appandix  F:  Residual  Analysis  Results 


Modlel;  hOE®Ll 


De[)end[ent  Vajriable;  TOS  TNMCS  Rate 


Analysis  of  Variance 


Source 

DP 

SfjHn  of 
Squares 

Mean 

Square 

F  Va]ue 

Model 

4 

36.31105 

9.07776 

33.560 

Error 

10 

2.70495 

0.27049 

C  Total 

14 

39.01600 

Root  MSE  0.52009  R-square  O-gSO") 
Dep  Mean  8.66000  Adj  R-sq  0.9029 
C.V.  6.00567 


Parameter  Estimates 


Parameter 
Variable  DP  Estimate 


Standard  T  for  HO: 
Ebrror  Parameter  >0 


XNTGRCEP  1 


C3CR  1 

CAM  1 

mp  1 

APR  1 


3.266693 

1.675611 

-0.C22071 

0.103005 

0.036763 


2.66361146 

0.17293874 

0.00810153 


•0.02754043 

&k01570155 

\ 


1.226 

9.689 

-2.823 

3.769 

2.341 


Prob>F 

0.0001 


Prob  >  |T| 

0.2481 

0.0001 

0.0181 

0.0037 

0.0412 
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2.  RC-135V/N 


Dependent  Viariable:  TNS  TNMCS  Rate 


Analysis  o£  Variance 


Sum  of 

Mean 

Source 

DF 

Squares 

Square 

F  Value 

Prob>F 

Model 

3 

517.32693 

172.44231 

5.429 

0.0155 

Error 

11 

349.42240 

31.76567 

C  Total 

14 

866.74933 

Root  MSE  5.63610  R-square  0.5969 
Dep  Mean  19.82667  Adj  R-sq  0.4869 
C.V.  28.42689 


Parameter  Estimates 

Parameter  Standard  T  for  HO: 

Variable,  DF  Estimate  Error  Parameter*0  Prob  >  IT| 

INTERCBP  1  80.648437  32.29190732  2.497  0.0296 

ABR  1  0.474778  0.24837145  1.912  0.0823 

CMR  1  51.790678  29.05015648  1.783  0.1022 

PSH  1  -0.010027  0.00401020  -2.500  0.0295 
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Dependent  VcuriabXe:  TNM  “nsiMOf  Rate 


Analysis  of  Variance 


Sum  of 

Mean 

Source 

W 

S<iuares 

Square 

F  Value 

Prc»b>F 

Model 

1 

69.51323 

69.51323 

5.922 

0.0301 

Error 

13 

152.60677 

11.73898 

C  Total 

14 

222.12000 

Root  MSE  3.42623  R~square  0.3130 
Dep  Mean  26.00000  Adj  Lsq  0.2601 
C.V.  13.17777 


Parameter  Estijvates 


Variable  DF 


Parameter  StandartS  T  for  HO; 

Estimate  Error  Parameter^O  Prob  >  IT| 


IMTEKCEP  1  22.482293  1.69478334  13.266  0.0001 

CXR  1  0.660396  0.27138485  2.433  0.0301 
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Deperkl«it  V^iable:  TKS  1M4CS  Rate 


Analysis  of  Variance 


Source 

Sum  of 

DP  Squares 

Mean 

Square 

F  Value 

Prob>F 

Model 

Error 

C  Total 

1  7.37343 

13  26.52257 

14  33.89600 

7.37343 

2.04020 

3.614 

0.0797 

Root  MSB 
Dep  Mean 
C.V. 

1.42835  R-sqiiare 
12.86000  Adj  R-sq 
11.10696 

0.2175 

0.1573 

Pairameter  Estliiates 


variable  DF 

INTBRCEP  1 
AFR  1 


Parameter 

BStimate 

21.871712 

-0.114994 


Standard 

Error 

4,75465640 

0.06048913 


T  for  HO; 
Paramster^O 

4.600 

-1.901 


Prob  >  |T| 

0.0005 

0.0797 
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-1.5  + 


-2.0  + 


Aircraft  Fix  Rate  AFR 
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90%  c:k}n£ldence  Interval  for  Predicted  V^lue 


Dependent  Variable:  MCX(  MC  Rate 

Observation  (^served 

Predicted 

Lower  90%  CLI 

Residual 

Upper  90%  CLI 

16 

* 

81.70468820 

80.57573101 

• 

82.83364539 

17 

* 

86.39390852 

85.17230803 

• 

87.61550902 

18 

* 

83.56341367 

82.24689485 

84.87993250 

19 

* 

• 

81.44033301 

80.40112841 

• 

82.47953762 

20 

* 

« 

87.17310317 

85.74463702 

88.60156931 

21 

* 

80.22305829 

78.86500505 

• 

81.58111153 

95%  Confidence  Interval 

for  Predicted 

Value 

Dependent  Variable:  MCR  MC  Rate 

Observation  (Served 

Predicted 

Lower  95%  CLI 

Residual 

Upper  95%  dA 

16 

* 

• 

81.70468820 

80.30468678 

• 

83.10468962 

17 

* 

86.39390852 

84.87902164 

• 

87.90879540 

18 

* 

• 

83.56341367 

81.93082012 

• 

85.19600723 

19 

* 

81.44033301 

80.15163231 

• 

82.72903372 

20 

* 

87.17310317 

85.40168557 

• 

88.94452076 

21 

* 

80.22305929 

78.53895859 

• 

81.90715800 

99%  Confidence  Interval  for  Predicted  Value 


Dependent  table:  MGR  MC  Rate 


Observation  Observed 


Predicted  Lower  99%  CLI 

Residual  CLI 


16  * 

17  * 

18  * 

19  * 

20  * 
21  * 


81.70468820 

86.39390852 

« 

83.56341367 

81.44033301 

37.17310317 

80.22305829 


79.66763959 

03.74173681 

84.18969775 

88.59811929 

81.18793578 

85.93889156 

79.56523065 

83.31543537 

84.59563168 

89.75057466 

77.77263724 

82.67347935 


90%  Confidence  Interval  for  Predicted  value 


Dependent  Variable:  TNS  TMMCS  Rate 

(%servation  Observed 

Predicted 

Lower  90%  CLI 

Residua] 

Upper  90%  CLI 

16 

V( 

• 

11.46882022 

10.44315319 

• 

12.49448724 

17 

* 

9.48259121 

8.23717412 

10.72800831 

18 

* 

11.99177931 

10,73469816 

* 

13.24886045 

19 

* 

« 

13.03599145 

11.75793474 

* 

14.31404816 

20 

* 

9.96023831 

8.4839941G 

* 

11.43648252 

21 

* 

• 

15.53665107 

13.S5333979 

17.11996236 
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95%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TMS  TNMCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  CLI 

16 

« 

• 

11.46882022 

10.20310113 

12.73453930 

17 

* 

* 

9.48259121 

• 

7.94569069 

11.01949174 

18 

* 

• 

11.99177931 

10.14048481 

13.54307380 

19 

* 

• 

13*03599145 

• 

11.45881218 

14.61317072 

20 

* 

• 

9.96023831 

• 

8.13848677 

11.78198984 

21 

* 

• 

15.53665107 

• 

13.58277397 

17.49052818 

99%  confidence  Interval  for  Predicted  Value 
Dependent  Variable:  HIS  HUMCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  99%  CLI 
Upper  99%  CLI 

16 

* 

• 

11.46882022 

9.65051054 

13.28712990 

17 

* 

9.48259121 

» 

7.27470707 

11.69047536 

18 

* 

• 

11.99177931 

9.76321704 

14.22034157 

19 

* 

• 

13.03599145 

• 

10.77024357 

15.30173933 

20 

* 

• 

9.96023831 

7.34314224 

12.57733438 

21 

* 

• 

15.53665107 

• 

12.72974574 

18.34355640 
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90%  Confidence  Interval  for  Predicted  Value 


Dependent  V^iable:  TNM  TNMCM  Rate 


(^servatlon 

CX»erved 

Predicted 

Lower  90%  CLl 

Residual 

Upper  90%  CLI 

16 

* 

« 

12.55183119 

• 

11.47154507 

13.63211731 

17 

* 

• 

10.38237178 

• 

9.19299458 

11.57174898 

* 

18 

* 

• 

11.31203777 

* 

9.98C76129 

12.64331424 

19 

* 

• 

12.40133749 

• 

11.32622394 

13.47645104 

20 

* 

« 

9.85084428 

• 

8.53203495 

11.16965362 

21 

* 

• 

12.54401458 

11.34367340 

13.74435577 

95%  Confidence  Interval  for  Predicted  Value 
Dependent  Variable:  TNM  TNMCM  Rate 


Observation 

Observed 

Predicted 

Lower  95%  CLI 

Residual 

Upper  95%  CLI 

16 

* 

• 

12.55183119 

• 

11.22379656 

13.87986583 

17 

* 

• 

10.38237178 

8.92022755 

11.84451601 

18 

* 

• 

11.31203777 

9.67545166 

12.94862388 

19 

* 

• 

12.40133749 

11.07966169 

13.72301330 

20 

* 

t 

9.85084428 

8.22958447 

11.47210410 

21 

* 

• 

12.54401458 

11.06839193 

14.01963723 
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99%  Confidence  Interval  for  Predicted  Value 


Dependent  V^lable:  TMM  TNHCH  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  99%  CLI 
Upper  99%  CLI 

16 

* 

• 

12.55183119 

10.66287859 

14.44078379 

17 

* 

• 

10.38237178 

8.30266612 

12.46207743 

18 

* 

• 

11.31203777 

• 

8.98421174 

13.63986379 

19 

* 

• 

12.40133749 

10.52142948 

14.28124550 

20 

* 

• 

9.85084428 

« 

7.54481788 

12.15687069 

21 

* 

• 

12.54401458 

10.44513767 

14.64289150 

2.  KC-13SR 

90%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  MCR  MC  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

* 

• 

86.04120939 

84.46647786 

87.61594093 

17 

* 

• 

89.40876768 

87.03597138 

91.78156399 

18 

* 

• 

82.24157287 

• 

79.79810823 

84.68503752 

19 

* 

* 

80.99066772 

78.50682053 

83.47451490 

20 

* 

• 

83.44066643 

80.90929953 

85.97203333 

21 

* 

• 

81.93191489 

79.09441519 

84.76941459 
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95%  Confidence  Interval  for  Predicted  Value 


Dependent  V^lable:  MCR  MC  Rate 

Observation  (Served 

Predicted 

Lower  95%  CLI 

Residual 

Upper  95%  CLI 

16 

* 

• 

86.04120939 

84.10533520 

« 

87.97708358 

17 

* 

89.40876768 

86.49180373 

• 

92.32573164 

18 

* 

82.24157287 

79.23773379 

• 

85.24541196 

19 

* 

• 

80.99066772 

77.93718492 

• 

84.04415051 

20 

* 

• 

83.44066643 

80.32876594 

* 

86.55256692 

21 

* 

81.93191489 

78.44367432 

• 

85.42015546 

99%  Confidence  Interval 

for  Predicted  Value 

Dependent  Variable:  MCR  MC  Rate 

Observation 

Observed 

Predicted 

Lower  99%  CLI 

Residual 

Upper  99%  CLI 

16 

* 

• 

86.04120939 

83.28768589 

• 

88.79473289 

17 

* 

• 

39.40876768 

85.25977451 

• 

93.5577608S 

18 

* 

• 

82.24157287 

77.96901138 

86.51413437 

19 

* 

80.99066772 

76.64749465 

• 

85.33384078 

20 

* 

C 

83.44066643 

79.01440196 

87.86693090 

21 

* 

• 

81.93191489 

76.97035673 

86.89347305 
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90%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable;  TNS  1WMCS  Rate 


(Nervation  (ftieerved 

16  * 

17  * 

18  » 

19  * 

20  * 

21  * 


Predicted 

Lower  90%  CLI 

Residual 

Upper  90%  CLI 

8-75735582 

7.53587521 

9.97883643 

7.28352165 

5.967459S4 

• 

8.59958366 

10.10761821 

9.15877152 

13.05646490 

9.74168623 

8.74885860 

10.73451387 

10.08518732 

7.43121083 

12.73916380 

8.87627719 

7.08842016 

10.66413422 

95%  Confidence  Interval  for  Predicted  Value 
Dependent  Variable:  TNS  TMMCS  Rate 


Observation 

(Served 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  CLI 

16 

* 

• 

3.75735582 

• 

7.24999399 

10.26471765 

17 

* 

• 

7.28352155 

5.65944213 

8.90760117 

18 

* 

• 

10.10761821 

8.93669886 

11.27853757 

19 

* 

• 

9.74168623 

• 

8.51649243 

10.96688004 

20 

* 

• 

10.08518732 

• 

6.81006136 

13.36031327 

21 

* 

• 

8.87627719 

6.66998147 

11.08257291 
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99%  Confidence  Interval  for  Predicted  Value 
DepeiKlent  Variable:  TNS  TNMCS  Rate 


□ 


Cdoservation 

Observed 

Predicted 

Lower  99%  CLI 

Residual 

Upper  99%  CLI 

16 

It 

• 

8.75735582 

6.59190644 

10.92280519 

17 

* 

• 

7.28352165 

• 

4.95039770 

9.61664559 

* 

18 

ik 

« 

10.10761821 

8.42549615 

11.78974027 

19 

* 

• 

9.74168623 

• 

7.98159445 

11.50177802 

20 

* 

« 

10.08518732 

* 

5.38019923 

14.79017540 

21 

* 

• 

8.87627719 

5.70675173 

12.04580265 

* 

90%  Confidence  Interval 

for  Predicted  Value 

Dependent  Variable: 

TOM  'TOMCM  Rate 

Observation 

Observed 

Predicted 

Lower  90%  CLI 

Residual 

Upper  90%  CLI 

16 

* 

, 

9.6G367097 

7.71620267 

11.61113928 

17 

* 

7.76615507 

4.83172117 

« 

f, 

10.70058898 

18 

* 

• 

12.51151270 

9.48968336 

9 

15.53334204 

19 

* 

• 

13.91588367 

10.84411330 

• 

16.98765404 

20 

ft 

• 

12.10504047 

8.97450253 

15.23557841 

21 

ft 

13.77552068 

10.26638874 

17.28465262 
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95%  Confidence  Interval  fox  Predicted  Value 


Dependent  Variable;  TNM  TfMCM  Rate 


(%servation 

(Ajserved 

Predictv^d 

Residual 

Lower  95%  CLI 
ijpper  95%  CLI 

16 

* 

• 

9.66367097 

7.26957805 

12.05776390 

17 

* 

• 

7.76615507 

4.15874979 

11.37356035 

18 

* 

• 

12.51151270 

8.796S6907 

16.22635634 

19 

* 

• 

13.91588367 

• 

10.13964573 

17.69212161 

20 

* 

• 

12.10504047 

• 

8.25655744 

15.95352349 

23. 

* 

> 

13.77552068 

* 

9.46161841 

18.08942295 

99%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNM  TNMCM  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  99%  CLI 
Upper  99%  CLI 

16 

* 

• 

9.66367097 

6.25839228 

13.06894967 

17 

* 

• 

7.76615507 

2.63510096 

12.89720918 

18 

* 

• 

12.51151270 

• 

7.22764183 

17.79538358 

19 

* 

• 

13.91588367 

• 

8.54468756 

19.28707978 

20 

* 

• 

12.10504047 

6.63108534 

17.57899560 

21 

* 

• 

13.77552068 

7.63956858 

19.91147278 
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1.  RC-135V/M 


90%  Confidence  Interval  for  Predicted  Value 
Dependent  Variable:  IlCR  MC  Rate 


vat Ion 

Observed 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

* 

• 

49.94728562 

ft 

31.17520201 

68.71936922 

17 

* 

• 

61.68446486 

48.61089499 

74.75803473 

18 

* 

• 

52! 72501737 

ft 

35.63085401 

69.81918072 

19 

* 

« 

64.11876795 

ft 

51.58207159 

76.65546431 

20 

* 

• 

66.05812975 

53.72572010 

78.39053941 

21 

« 

• 

67.92678566 

ft 

55.59306896 

80.26050236 

Dependent 

95%  Confidence  Interval 

Variable:  MCR  MC  Rate 

for  Predicted 

Value 

Observation 

Observed 

Predicted 

Residual 

Lower  55%  CLI 
Upper  95%  CLI 

16 

* 

• 

49.94728562 

27.04727605 

72.84729519 

17 

* 

ft 

61.68446486 

45.73605543 

77.63287429 

18 

* 

ft 

52.72501737 

31.87189777 

73.57813696 

19 

* 

ft 

64.11876795 

48.82528894 

79.41224697 

20 

* 

• 

66.05812975 

51.01385949 

81.10240002 

21 

* 

• 

67.92678566 

52.88092093 

82.97265038 
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99%  Confidence  Interval  for  Predicted  Value 


Deper«3ent  Variable:  MCR  MC  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  99%  CLI 
Upper  99%  CLI 

16 

* 

* 

49.94728562 

18.01696792 

81.87760331 

17 

* 

• 

61.68446486 

39.44701652 

83.92191319 

18 

* 

« 

52.72501737 

• 

23.64875295 

81.80128178 

19 

* 

64.11876795 

42.79451296 

85.44302295 

20 

* 

« 

66.05812975 

45.08135560 

87.03490391 

21 

* 

• 

67.92678566 

46.94778829 

88.90578303 

90%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TOS  TNMCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

* 

• 

34.88564468 

21.69661402 

48.07467535 

17 

* 

• 

25.64994886 

15.31865653 

35.98124118 

18 

* 

33.53656886 

21.07241089 

46.00072682 

IS 

* 

- 

18.75376636 

« 

9.93657858 

27.57095414 

20 

* 

• 

17.80203681 

8.79492072 

26.80915291 

21 

* 

• 

14.03074233 

5.26834732 

22.79313735 
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95%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TOS  TOMCS  Rate 
Observation  Observed 

16  * 

17  * 

18  * 

19  * 

20  * 

21  * 


Predicted 

Lower  95%  CLI 

Residual 

Upper  95%  CLI 

34.88564468 

18.72165444 

51.04963493 

25.64994886 

12.98829748 

38.31160024 

33.53656886 

18.26095589 

• 

48.81218182 

18.75376636 

7.94774575 

• 

29.55978697 

17.80203681 

6.76324706 

* 

28.84082657 

14.03074233 

3.29187371 

24.76961096 

99%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNS  TNMCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  99%  CLI 
Upper  99%  a^I 

16 

* 

• 

34.88564468 

12.07683662 

57.69445275 

17 

* 

• 

25.64994886 

7.78324814 

43.51664958 

18 

* 

• 

33.53656886 

11.98133906 

55.09179865 

19 

* 

• 

18.75376636 

3.50552342 

34.00200930 

20 

* 

• 

17.80203681 

2.22533620 

33.37873743 

21 

* 

• 

14.03074233 

-1.12274326 

29.18422792 
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S0%  Oon£ld«nctt  Interval  for  Predicted  V>ilue 


Dofiendent  VSurlable:  TWH  TM4CM  Rate 


Obaervatlon 

Qbaerved 

Predicted 

Residual 

Lower  90%  (XI 
Upper  90%  (XI 

16 

• 

• 

25.48874S78 

19.55616767 

31.42132389 

17 

• 

ft 

23.97358490 

17.91792950 

30.02924031 

18 

ft 

• 

35.50927994 

27.15490421 

43.86365556 

19 

ft 

• 

24! 38095326 
• 

18.37253517 

30.38937135 

20 

ft 

« 

24.14193611 

18.10703663 

30.17683559 

21 

ft 

• 

24.72389091 

18.74726254 

30.70051927 

95%  Oonfidence  Interval 

for  Predicted  vslue 

Dependent  verlable: 

1N4  TttCM  Rate 

Observation 

Observed 

Predicted 

Lower  95%  (XI 

Residual 

Upper  95%  (XI 

16  • 

• 

25.48874578 

18.25161120 

• 

32.72588037 

17  • 

• 

23.:?7358490 

16.58630869 

• 

31.36086112 

18  • 

• 

35.50927994 

25.31780169 

• 

45.70075819 

19  • 

• 

24.38095326 

17.05130171 

• 

31.71060481 

20  • 

• 

24.14193611 

16.77997999 

« 

31.50389223 

21  * 

• 

24.72389091 

17.43301955 

32.01476227 


194 


99%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNM  TNMCX  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  99%  CLI 
Upper  99%  CLI 

16 

• 

25.48674578 

• 

15.39774535 

35.57974621 

17 

* 

• 

23.37358490 

• 

13.67323652 

34.27393328 

18 

* 

• 

35.50927994 

• 

21.29893049 

49.71962938 

IS 

* 

• 

24.38095326 

14.16095305 

34.60095347 

20 

* 

• 

24.14193611 

13.87689246 

34.40697976 

21 

* 

r 

• 

24.72389091 

14.55796333 

34.88981848 

4.  BC-135A/C/G/L/N/Y 

90%  Confidence  Interval  for  Predicted  Value 


Dependent  variable:  HCR  MC  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

« 

• 

55.60915601 

• 

46.17084371 

65.04746832 

17 

* 

• 

69.76061420 

62.70528198 

76.81594643 

18 

* 

63.29438279 

54.80743894 

71.78132665 

19 

* 

« 

56.53393801 

• 

47.62100889 

65.44686713 

20 

* 

• 

36.31416436 

16.12601618 

56.50231253 

21 

* 

• 

12.98666918 

-25.13924381 

51.11258216 
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95%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  MCR  MC  Rate 


enervation 

Observed 

Predicted 

Lower  95%  CLI 

16 

* 

Residual 

55.60915601 

Upper  95%  CLI 

44.00629879 

17 

* 

• 

69.76061420 

67.21201323 

61.08724022 

18 

* 

• 

• 

63.29438279 

78.43398819 

52.86107707 

19 

* 

• 

56.53393801 

73.72768851 

45.57695326 

2f) 

* 

• 

• 

36.3141643C 

67.49092275 

11.49614677 

21 

* 

r 

• 

12,38666918 

61.13218194 

-33.88288870 

* 

59.85622705 

99%  Confidence  Interval 

for  Predicted  Value 

Dependent  Variable:  MCH  MC  Rate 

' 

Observation 

Observed 

Predicted 

Lower  99%  CLI 

Residual 

Upper  99%  CLI 

16 

* 

55.60915601 

39.10563517 

• 

72.11267686 

17 

• 

69.76061420 

57.42389354 

• 

82.09733486 

18 

*t 

63.29438279 

48.45439337 

• 

78.13437221 

19 

* 

• 

56.53393801 

40.94908484 

72.11879118 

20 

ft 

• 

36.31416436 

1.01383594 

* 

71.61449277 

21 

ft 

• 

12.98666918 

-53.67904173 

• 

• 

79.65238008 

196 


90%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNS  IVMCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

* 

• 

30.42982955 

24.68317809 

36.17648102 

17 

* 

• 

22.39999377 

17.86730641 

26.93268113 

19 

* 

• 

15.22100151 

• 

10.80934476 

19.63265825 

19 

* 

• 

19.10297510 

14.75933795 

23.44661225 

20 

* 

■ 

15.96548959 

11.59136256 

20.33961663 

21 

* 

• 

13.09389269 

8.51476907 

17.67301631 

■  95%  Confidence  Interval  for  Predicted  Value 
Dependent  Variable:  ins  TNMCS  E^te 


Observation 

Observed 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  CLI 

16 

* 

• 

30.42982955 

23.41950633 

37.44015277 

17 

* 

• 

22.39999377 

• 

16.87058179 

27.92940575 

18 

* 

• 

15.22100151 

t 

9.83923442 

20.60276859 

19 

* 

• 

19.10297510 

13.80418491 

24.40176529 

20 

* 

• 

15.96548959 

10.62950489 

21.30147429 

21 

* 

• 

13.09389269 

7.50783326 

18.67995212 
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99%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNS  TNMCS  Rate 


Cttxservation 

Observed 

Predicted 

Residual 

Lower  99%  CLI 
U£^r  99%  CLI 

16 

* 

• 

30.42982955 

« 

20.65508047 

40.20457863 

17 

* 

• 

22.39999377 

14.69013318 

30.10985435 

18 

* 

• 

15.22100151 

• 

7.71700758 

22.72499544 

19 

* 

• 

19.10297510 

* 

11.71467889 

26.49127131 

20 

* 

• 

15.96548959 

8.52533171 

23.40564747 

21 

* 

• 

13.09389269 

• 

5.30504650 

20.88273888 

90%  Confidence  Interval 

for  Predicted 

Value 

Dependent  Variable:  TOM  TOMCM  Rate 

Observation 

Observed 

Predictcid 

Lower  90%  CLI 

Residual 

Upper  90%  CLI 

16 

* 

31.04981465 

20.32457053 

• 

41.77505877 

17 

* 

« 

24,03754031 

16.96113005 

31.11395056 

18 

* 

21.06023098 

15.09668683 

27.02377513 

19 

* 

• 

25.99440178 

19.10951753 

• 

32,87928604 

20 

* 

28.72719213 

17.47127400 

• 

39.98311025 

21 

* 

• 

28,07328079 

14.39349207 

• 

41.75306951 
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95%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNM  ITIMCM  Rate 


(Nervation 

Observed 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  CLI 

16 

ft 

• 

31.04981465 

• 

17.93848920 

44.16114010 

17 

ft 

• 

24.03754031 

• 

15.38681713 

32.68826348 

18 

ft 

• 

21.06023098 

13.76995700 

28.35050496 

19 

ft 

25.93440178 

• 

17.57781405 

34.41098952 

20 

ft 

• 

28.72719213 

• 

14.96713183 

42.48725243 

21 

ft 

• 

28.07328079 

• 

11.35010321 

44.79645837 

99%  Confidence  Interval 

for  Predicted 

Value 

Dependent  Variable: 

TNM  ™mcm  Rate 

Observation 

Observed 

Predicted 

Lower  99%  CLI 

Residual 

Upper  99%  CLI 

16 

ft 

• 

31.04981465 

12.66872206 

• 

49.43090724 

17 

ft 

• 

24.03754031 

11.90987676 

36.16520385 

18 

ft 

• 

21.06023098 

10.83981493 

* 

31.28064703 

19 

ft 

• 

25.99440178 

14.19497852 

• 

37.79382505 

20 

ft 

• 

28.72719213 

9.43662205 

• 

48.01776221 

21 

ft 

• 

28.07328079 

4.62864305 

51.51791854 
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Si-EdlB 


90%  Confidence  Interval  for  Predicted  Value 


a 


Dependent  Vteiable:  MCR  MC  Rate 

Observation  Observed  Predicted  Lower  90%  CLI 

Residual  Upper  90%  CLI 


16 

* 

• 

93.05346347 

• 

79.00492271 

107.10200424 

17 

* 

• 

68.63419172 

• 

55.15216211 

82.11622133 

18 

* 

• 

63.77931732 

• 

49.58469765 

77.97393700 

19 

* 

• 

80.75276338 

• 

66.00254933 

95.50297744 

20 

* 

• 

74.39834795 

61.57003831 

87.22665758 

21 

* 

• 

82.95107811 

* 

69.40955687 

96.49259935 

95%  Confidence  Interval 

for  Predicted 

Value 

Dependent  Variable: 

MCR  MC  Rate 

- 

enervation 

Ctose'rved 

Predicted 

Lower  95%  CLI 

Residi:ial 

Upper  95%  CLI 

16 

* 

• 

93.05346347 

75.78308638 

• 

110.32384056 

17 

* 

68.63419172 

52.06024719 

85.20813626 

18 

* 

• 

63.77931732 

46,32936016 

81.22927448 

19 

* 

80.75276338 

62.61979405 

• 

98.88573272 

20 

* 

• 

74.39834795 

58.62804493 

• 

90,16865097 

21 

* 

• 

82.95107811 

66.30399838 

• 

99.59815784 
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99%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  MCR  MC  Rate 


Obeervation 


Observed 


Predicted  Lower  99%  CLI 

Residual  Upper  99%  CLI 


16  * 

17  * 

18  * 

19  * 

20  * 
21  * 


93.05346347 

68.63419172 

63.77931732 

80.75276338 

74.39834795 

« 

82.95107811 


68.48864958 

117.61827737 

45.05996049 

92.20842295 

38.95907467 

88.59955998 

54.96102677 

106.54449999 

51.96718986 

96.82950603 

59.27282179 

106.62933442 


90%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNS  TNMCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

* 

« 

2.44575589 

-10.87108347 

15.76259524 

17 

* 

• 

2.54887063 

* 

-10.75885583 

15.85659710 

18 

* 

• 

3.83345749 

-9.59688714 

17.26380212 

19 

* 

« 

3.83080783 

-9.24588690 

16.90750256 

20 

* 

•§ 

3.95096260 

-9.05527709 

16.95720230 

21 

* 

• 

-2.22649146 

-16.65679140 

12.20380848 
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95%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNS  TNMCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  CLI 

16 

* 

• 

2.44575589 

-13.83372575 

18.72523753 

17 

* 

• 

2.54887063 

-13.71947074 

18.81721201 

18 

* 

• 

3.33345749 

♦ 

-12.58478133 

20.25169631 

19 

* 

• 

3.83080783 

-12.15510340 

19.81671907 

20 

* 

• 

3.95096260 

-11.94881922 

19.85074443 

21 

* 

• 

-2.22649146 

• 

-19.8S714903 

15.41416611 

99%  Confidence  Interval  for.  Predicted  Value 
Dependent  Variable;  TNS  TNMCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  99%  CLI 
Upper  99%  CLI 

36 

* 

« 

2.44575589 

-20.37685350 

25.26836526 

17 

* 

« 

2.54887063 

-20.25812095 

25.35586221 

18 

* 

« 

3.83345749 

-19.18367903 

26.85059401 

19 

* 

« 

3.83080783 

-18.58023792 

26.24185358 

20 

* 

•  • 

3.95096260 

-18.33933619 

26.24126140 

21 

* 

« 

-2.22649146 

-26.95736717 

22.50438425 
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30%  Confidence  Interval  for  Predicted  Value 


Dependent  Variables  TNM  TMMCM  Rate 


Observation 

Cftxserved 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

* 

• 

7.94167694 

-8.46928868 

24.35264257 

17 

* 

• 

20.02982736 

2.31034741 

37.74930731 

18 

* 

• 

25.80018913 

11.71236817 

39.88801009 

19 

* 

« 

17.66477244 

• 

2.74165996 

32.58788492 

20 

* 

• 

22.34768317 

8.36680443 

36.32856192 

21 

* 

17.28153114 

2.44173363 

32.12132866 

95%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TWl  TNMCM  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  CLI 

16 

* 

• 

7.94167694 

-12.12029170 

28.00364559 

17 

* 

• 

20.02982736 

-1.63176522 

41.69141994 

18 

* 

• 

25.80018913 

8.57820300 

43.02217527 

19 

* 

• 

17-66477244 

-0.57833535 

35.90788023 

20 

* 

• 

22.34768317 

5.25643105 

39.43893530 

21 

* 

• 

17.28153114 

-0.85972631 

35.42278860 
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99%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable ;  TNM  TNMCM  Rate 


Observation 

Observed 

Predicted 

Residual 

Lo'wer  99%  CLI 
Upper  99%  CLI 

16 

* 

7.94167694 

-20.18369486 

36.06704875 

17 

* 

20.02982736 

-10.33809695 

50.39775167 

18 

* 

25,80018913 

1.65625930 

49.94411897 

19 

* 

17!66J77244 

• 

-7.91069318 

43.24023806 

20 

* 

22.34768317 

-1.61296741 

46.30833375 

21 

* 

17.28153114 

-8.15114798 

42.71421026 

Li-SzlB. 

90%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable: 

MCR  MC  Rate 

Observation 

Observed 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

* 

• 

51.48271236 

47.49753334 

55.46789139 

17 

* 

• 

49.52602879 

45.04983276 

54.00382482 

18 

* 

• 

55.47081693 

50.64209789 

60.29953596 

19 

* 

• 

52.20957353 

48.04676839 

56.37237868 

20 

* 

• 

53.54942588 

49.37453477 

57.72431699 

21 

* 

• 

53.91533029 

48.38691238 

59.44374819 
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95%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  MGR.  MC  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  CLI 

16 

* 

• 

51.48271236 

46.58358827 

56.38183646 

17 

* 

• 

49.52682879 

44.02309634 

55.03056124 

18 

* 

• 

55.47081693 

49.534S9872 

61.40693513 

19 

* 

• 

52.20957353 

47.09208725 

57.32705981 

20 

* 

• 

53.54942588 

48.41708139 

58.68176988 

21 

Dependent 

* 

99%  Confidence  Interval 

Variable:  MCS  MC  Rate 

53.91533029 

for  Predicted 

47.11904706 

60.71161352 

Value 

Observation 

Observed 

Predicted 

Residual 

Lower  99%  CLI 
Upper  99%  CLI 

16 

* 

51.48271236 

44.51436008 

58.45106465 

17 

* 

49.52682879 

41.69850155 

57.35515603 

18 

* 

55.47081693 

47.02747348 

63.91415538 

19 

* 

52! 20957353 

44.93063009 

59.48851698 

20 

* 

53.54942588 

46.24934932 

60.84950245 

21 

■» 

53.91533029 

44.24852152 

63.58213905 
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90%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNS  TNMCS  Rate 


Observation 

Observed 

Predicted 

Lower  99%  CLI 

Residual 

Upper  90%  CLI 

16 

* 

• 

36.61511845 

• 

33.07691900 

40.15331790 

17 

* 

• 

36.10597830 

32.78285977 

39.42909682 

19 

* 

• 

36.02285337 

32.72710729 

39.31859946 

19 

* 

37.62300814 

• 

33.46413113 

41.78188515 

20 

* 

• 

35.93972845 

32.66901856 

39.21043834 

21 

* 

« 

35.51371322 

32.33278674 

38.69463970 

95%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNS  TNMCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  CLI 

16 

* 

• 

36.61511845 

32.29887935 

40.93135755 

17 

* 

• 

36.10597830 

32.05211578 

40.15984081 

18 

* 

• 

36.02285337 

• 

32.00238242 

40.04332432 

19 

* 

37.62300814 

32.54960630 

42.69640997 

20 

* 

• 

35.93972845 

31.94979908 

39.92965782 

21 

* 

• 

35.51371322 

31.63331036 

39,39411608 
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99%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNS  TNMCS  Rate 


vat ion 

Observed 

Predicted 

Residual 

Lower  93%  CLI 
Upper  99%  CLI 

16 

* 

• 

36.61511845 

• 

30.59682501 

42.63340789 

17 

* 

• 

36.10597830 

30.45353009 

41.75842650 

18 

* 

• 

36.02285337 

30.41696424 

41.62874250 

19 

* 

• 

37.62300814 

30.54897912 

44.69703716 

20 

* 

• 

35.93972845 

30.37642456 

41.50303234 

21 

* 

• 

35.51371322 

30.10312613 

40.92430031 

90%  Confidence  Interval  for  Predicted  Value 
Dependent  Variable:  TNM  TNMCM  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

* 

• 

27.26249550 

20.72407828 

33.80091272 

17 

* 

• 

28.81343176 

22.46075032 

35.16611321 

18 

* 

• 

26.35018005 

19.60230409 

33.09805601 

19 

* 

• 

27.80988477 

21.35241617 

34.25735336 

20 

* 

• 

28.63096867 

22.26814488 

34.99379246 

21 

* 

• 

25.34663306 

18.29177579 

32.40149032 
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95%  Confidence  Interval  for  Predicted  Viailue 
DepMident  VSurlable;  TtW  1VMC3M  Rate 

Observation  Observed  Predicted  Lovier  95%  CLI 

Residual  tapper  95%  CLI 

16  •  .  27.26249550  19.28629957 

35.23869143 

17  *  .  28.81343176  21.06381435 

36.56304917 

18  *  .  26.35018005  18.11846601 

34.58189409 

19  *  .  27.80988477  19.94463680 

35.67513274 

20  *  .  28.63096867  20.86897864 

36.39295870 

21  •  .  25.34663306  16.74043343 

33.95283268 


99%  Confidence  Interval  for  Predicted  Value 


Dependent  variable:  IVH  IftCM  Rate 


Observation 

Observed 

Predicted 

Lower  99%  CLI 

16 

« 

• 

Residual 

27.26249550 

Upper  99%  CLI 

16.14099490 

17 

« 

• 

28.81343176 

38.38399609 

18.00785786 

18 

* 

• 

• 

26.35018005 

39.61900567 

14.87240125 

% 

19 

* 

• 

• 

27.80988477 

37.82795885 

16.84308295 

20 

* 

28! 63096867 

38.77668658 

17.80814317 

21 

* 

• 

• 

25.34663306 

39.45379417 

13.34669536 

* 

37.34657076 
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7.  B-52H 


90%  Confidence  XnteKval  for  Predicted  Value 


Dependent  Variable:  MCR  Mission  Capable  Rate 


(Nervation 

Observed 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

* 

• 

79.13342130 

• 

76.02633565 

82.24050695 

17 

* 

• 

79.25934310 

• 

76.11762669 

82.40105950 

18 

* 

• 

80.77040461 

77.08421540 

84.45659381 

19 

* 

• 

79.13342130 

• 

76.02633565 

82.24050695 

20 

* 

• 

75.58242675 

72.60548289 

78.65937060 

21 

* 

• 

79.10823674 

• 

76.00784577 

82.20862811 

95%  Confidence  Interval  for  Predicted  Value 


Dependent 

Variable: 

MCR  Mission  Capable  E^te 

Observation 

Observed 

Predicted 

Lower  95%  CLI 

Residual 

Upper  95%  CLI 

16 

* 

79.13342130 

75.34309666 

• 

82.92374595 

17 

* 

• 

79.25934310 

75.42677250 

• 

83.09191369 

18 

* 

80.77040461 

76.27363324 

• 

85,26717598 

19 

* 

• 

79.13342130 

75.34309666 

• 

82.92374595 

20 

* 

• 

75.58242675 

71.82887199 

• 

79.33598151 

21 

* 

• 

79.10823694 

75.32607887 

• 

82.89039501 
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99%  Confidence  Interval  for  Predicted  value 
Dependent  Variable:  MCR  Mission  Capable  Kate 


Observation 

Observed 

Predlct(»d 

Lower  99%  CLI 

Residwuil 

Upper  99%  CLI 

16 

* 

• 

79.13342130 

• 

73.84843355 

84.41840905 

17 

* 

• 

79.25934310 

• 

73.91545028 

84.60323592 

18 

* 

• 

80.77040461 

• 

74.50039245 

87.04041677 

■V 

■«  f*- 

iir 

• 

79.13342130 

• 

73.84843355 

84.41840905 

20 

* 

• 

75.58242675 

• 

70.34870858 

80.81614491 

^21 

* 

• 

79.10823694 

• 

73.83463615 

84.38183774 

90%  Confidence  Interval  for  Predicted  Value 
Dependent  Variable:  TMS  TNMCS  Rate 


(Nervation 

Observed 

Predicted 

Lower  90%  CLI 

Residual 

Upper  90%  CLI 

16 

* 

9.24041082 

5.65657402 

12.82424762 

17 

* 

10.49180214 

6.96706188 

14.01654240 

18 

* 

9.20030031 

5.32034342 

13.08025720 

N 

19 

* 

11.32374439 

• 

8.06054356 

14.58694642 

20 

* 

15.98523995 

• 

12.75502725 

19.21545265 

-  21 

* 

14.84510257 

• 

10.79453452 

18.89567061 
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95%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TWS  TNMCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  95%  OLI 
Upper  95%  CLI 

16 

* 

9.2'i041082 

• 

4.84819243 

13.63262921 

17 

* 

10.49180214 

6.17201029 

14.81159399 

18 

* 

9.20030031 

4.44516804 

13.95543258 

19 

* 

11.32374499 

• 

7.32448550 

15.32300448 

20 

* 

15.98523995 

12.02641023 

19.94406967 

21 

* 

14.84510257 

9.88087555 

19.80932959 

99%  Confidence  Interval  for  Predicted  Value 


Oepenient  Variable:  INS  INMCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  99%  CLI 
Upper  99%  CLI 

16 

* 

9.24041082 

• 

3.04260540 

15.43821623 

17 

* 

10.49180214 

4.39619692 

16.58740736 

18 

* 

9.20030031 

2.49039158 

15.91020904 

19 

* 

11.32374499 

5.68043906 

16.96705092 

20 

* 

35.98523995 

10.39B98396 

21.57149594 

23 

* 

14.84510257 

7.84014280 

21.85006233 
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90%  Confidence  Interval  for  Predicted  VSilue 


Dependent  Variable:  TNM  TNMCM  Rate 


Ctoservation 

(Maserved 

Predicted 

Residual 

Lovger  99%  CLI 
Upper  99%  CLI 

16 

* 

• 

17.06825865 

• 

14.37253777 

19.76397953 

17 

* 

• 

17.39659243 

« 

14.73911771 

20.05406715 

18 

* 

• 

17.50603703 

« 

14.85139873 

20.16067533 

19 

* 

• 

17.17770325 

14.49963021 

19.85577628 

20 

* 

• 

17.94381540 

• 

15.25072610 

20.63690470 

21 

* 

• 

16.63048028 

• 

13.81762592 

19.44333464 

95%  Confidence  Interval  for  Predicted  Value 
Dependent  Variable:  TNM  TNMCM  Elate 


(%xservatlon 

Observed 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  a.I 

16 

* 

17.06825865 

• 

13.77975668 

20.35576062 

17 

* 

17.39659243 

14.15474684 

20.63843803 

18 

* 

17.50603703 

• 

14.26765157 

20.74442248 

19 

* 

17.17770325 

13.91072983 

20.44467666 

20 

* 

17.94381540 

• 

14.65852368 

21.22910712 

21 

* 

16.63048028 

13.19908752 

20.06187304 
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99%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNM  TNMCM  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  99%  CLI 
Upper  99%  CLI 

16 

* 

« 

17.06825865 

12.48298054 

21.65353676 

17 

* 

• 

17.39659243 

12.87636901 

21.91681586 

18 

* 

« 

17.50603703 

• 

12.99063820 

22.02143585 

19 

* 

• 

17.17770325 

• 

12.62244319 

21.73296331 

20 

* 

• 

17.94381540 

13.36301346 

22.52461734 

21 

* 

• 

16.63048028 

11.34596433 

21.41499622 

9  .  .B-sza 

90%  confidence  Interval  for  Predicted  Value 


Dependent  Variable:  HCR  Mission  Capable  Rate 


Observation 

CXiserved 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

* 

79.49904968 

76.80741597 

82.19063339 

17 

* 

78.43921008 

75.90937863 

80.96904153 

18 

* 

80.15681526 

• 

77.47003289 

02.84359763 

19 

* 

78.19115383 

75.26481466 

81.11749299 

20 

* 

75.72786534 

73.10146388 

78.35426680 

21 

* 

75.69826328 

72.92162233 

78.47490423 
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95%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  MCR  Mission  Capable  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  CLI 

16 

* 

• 

79.49904968 

• 

76.20859912 

82.78950024 

17 

* 

78.43921008 

75.34655848 

81.53186169 

18 

* 

• 

80.15681526 

76.87229532 

83.44133520 

19 

* 

• 

78.19115383 

74.61378209 

81.76852556 

20 

* 

• 

75.72786534 

72.51715946 

78.93857121 

21 

* 

• 

75.69826328 

• 

72.30389363 

79.09263293 

99%  Confidence  Interval 

for  Predicted 

V^lQe 

Dependent  Variable: 

MCR  Mission  Capable  Rate 

(A}servatlon 

Observed 

Predicted 

Lower  99%  CLI 

Residual  < 

Upper  99%  CLI 

16 

* 

79.49904968 

74.88608537 

• 

84.11201400 

17 

* 

• 

78.43921008 

74.10354503 

* 

82.77487513 

18 

* 

« 

80.15681526 

75.55216524 

84.76146528 

19 

* 

• 

78.19115383 

73.17594759 

83.20636006 

20 

* 

• 

75.72786534 

71.22669708 

80.22903360 

21 

* 

75.69826328 

70.93961221 

80.45691435 


214 


90%  Confidence  Interval  for  Predicted  veiue 


Dependent  Variable:  TNS  TNHCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lovger  90%  CLI 
Upper  90%  Oil 

16 

* 

• 

11.16582477 

8.24730746 

14.08434208 

17 

* 

• 

11.83509071 

* 

8.97197327 

14.69820815 

18 

* 

• 

10.75948474 

7.78262085 

13.73634862 

19 

* 

• 

10.09021880 

• 

6.97983107 

13.20060653 

20 

* 

• 

10.35314470 

7.30049762 

13.40579178 

21 

* 

■ 

11.76338365 

8.89683484 

14.62993245 

95%  Confidence  Interval  for  Predicted  Value 
Dependent  Variable:  TtlS  ITaiCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  CLI 

16 

* 

• 

11.16582477 

7.60553409 

14.72611546 

17 

* 

• 

11.83509071 

• 

8.34238217 

15.32779926 

18 

* 

« 

10.75948474 

7.12801724 

14.39095223 

19 

* 

10.09021880 

• 

6.29586595 

13.88457164 

20 

* 

• 

10.35314470 

• 

6.62922950 

14.07705990 

21 

* 

• 

11.76338365 

8.26648919 

15.26027810 
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39%  Confidence  Interval  for  Predicted  Value 
Dependent  Variable:  TNS  Tt'WICS  Rate 


Cteservation 

Observed 

Predicted 

Lo-wer  99%  CLI 

Residual 

Upper  99%  CLI 

16 

* 

• 

11.16582477 

• 

6.20158176 

16.13006779 

17 

* 

• 

11.83509071 

6.96507994 

16.70510149 

18 

* 

• 

10.75948474 

5.69599730 

15.82297218 

t, 

19 

* 

• 

10.09021880 

• 

4.79961438 

15.38082321 

20 

* 

• 

10.35314470 

5.16075406 

15.54553534 

1 

21 

* 

• 

11.76338365 

6.88753630 

16.63923099 

90%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNM  TtlMCM  Rate 


Observation 

Observed 

Predicted 

Lower  90%  CLI 

Residual 

Upper  90%  CLI 

16 

* 

• 

15.33880992 

14.13863313 

16.53898671 

17 

* 

• 

16.39603004 

15.24956151 

17.54249856 

18 

* 

• 

14.73737089 

« 

13.54011470 

15.93462707 

'  V 

19 

* 

• 

14.92945346 

13.70188197 

16.15702495 

20 

* 

• 

15.17047362 

• 

15.02451565 

17.31643159 

“V 

21 

* 

• 

15.25869799 

13.95183770 

16.56555828 
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95%  Confidence  Interval  for  Predicted  Vialue 


Dependent  Variable:  TNM  TNMCM  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  CLI 

16 

* 

• 

15.33680992 

• 

13.86791745 

16.80970239 

17 

* 

m 

16.39603004 

14.99096043 

17.80109964 

18 

* 

• 

14.73737089 

• 

13.27005779 

16.20468398 

.19 

* 

• 

14.92945346 

• 

13.42498705 

16.43391986 

20 

* 

« 

16.17047362 

14.76602974 

17.57491750 

21 

* 

• 

15.25869799 

13.657058,14 

16.86033783 

99%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNM  TNMCM  Rate 


(Nervation 

Observed 

Predicted 

Residual 

Lower  99%  CLI 
Upper  99%  CLI 

16 

* 

• 

15.33880992 

13.26325162 

17.41436822 

17 

* 

• 

16.39603004 

14.41335358 

18.37870649 

18 

* 

• 

14.73737089 

12.66686341 

16.80787836 

19 

* 

• 

14.92945346 

12.80651940 

17.05238752 

20 

* 

• 

16.17047362 

14.18868011 

18.15226713 

21 

* 

• 

15.25869799 

12.99864368 

17.51875230 

217 


90%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  MCR  Mission  Capable  Rc«te 


Observation 

Observed 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

•k 

• 

75.92908604 

73.53479741 

78.32337467 

17 

* 

• 

78.20976593 

75.60845606 

80.81107580 

18 

A 

« 

80.08512190 

• 

77.51607391 

82.65416988 

19 

* 

« 

77.97872816 

74.56351148 
81. 39 394484 

20 

* 

• 

81.97122579 

75.17481909 

88.76763249 

21 

* 

• 

77.34642978 

66.96278345 

87.73007611 

95%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  MCH  Mission  Capable  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  CLI 

16 

* 

• 

75.92908604 

72.98570080 

78.87247128 

17 

* 

• 

78.20976593 

75.01186203 

81.40764983 

18 

* 

• 

80.08512190 

76.92689869 

83.24334511 

19 

•k 

• 

77.97872816 

73.78027930 

82.17717702 

20 

k 

• 

81.97122579 

• 

73.61615827 

90.32629331 

21 

k 

77.34642978 

64.58143940 

90.11142017 

218 


99%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  MCR  Mission  Capable  E^ate 


Observation 

Observed 

Predicted 

Residual 

Lower  99%  CLI 
Upper  99%  CLI 

16 

* 

• 

75.92908604 

71.74251211 

80.11565998 

17 

* 

» 

78.20976593 

73.66120150 

82.75833036 

18 

* 

• 

80.C8512190 

75.59296953 

84.57727427 

19 

* 

• 

77.97872816 

72.00699319 

83.95046313 

20 

* 

• 

81.97122579 

70.08725374 

93.85519784 

21 

* 

• 

77.34642978 

59.18992912 

95.50293045 

90%  Confidence  Interval  for  Predicted  Value 
Dependent  Variable:  TNS  TNMCS  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

* 

12.02922785 

10.10435916 

13.95409653 

17 

* 

• 

12.85231017 

10.79579457 

14.90882577 

18 

* 

• 

12.33843986 

10.40209555 

14.27478417 

19 

A 

r 

11.97171372 

10.04734694 

13.896C8049 

20 

A 

• 

12.08740437 

10.15963734 

14.01517139 

21 

* 

13.54185523 

11.28079547 

15.80291499 
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95%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNS  TNMCS  Rate 
Observation  Observed 

16  * 

17  * 

18  * 

19  * 

20  * 

21  * 


Predicted 

Lower  95%  CLI 

Residual 

Upper  95%  CLI 

12.02922785 

9.67612712 

14.38232858 

12.85231017 

10.33827459 

* 

15.36634575 

12.33843986 

9.97131048 

14.70556924 

11.97171372 

9.61922656 

14.32420087 

12.08740437 

9.73076050 

14.44404824 

13.54185523 

10.77776986 

16.30594060 

I 


99%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNS  TWMCS  Rate 
Observation  Observed 

16  * 

17  * 

18  * 

19  * 

20  * 

21  * 


Predicted 

Lower  99%  CLI 

Residual 

Upper  99%  CLI 

12.02922785 

8.73035753 

• 

15.32809817 

12.85231017 

9.32782129 

16.37679905 

12.33843986 

9.01990243 

15.65697729 

11.97171372 

8.67370358 

* 

15.26972385 

12.08740437 

8.78356683 

• 

15.39124191 

13.54185523 

9.66681534 

17.41689512 
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90%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable:  TNM  TNMCM  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  90%  CLI 
Upper  90%  CLI 

16 

* 

12.78501618 

• 

9.15790440 

16.41212797 

17 

* 

11.67424906 

7.79211491 

15.55638322 

18 

* 

11.74764099 

7.72010921 

15.77517278 

19 

* 

13.63738072 

9.05065539 

18.22410604 

20 

* 

3.84448096 

-7.79310800 

15.48206991 

21 

* 

-0.52446749 

-16.38844047 

15.33950549 

95%  Confidence  Interval  for  Predicted  Value 


Dependent  Variable;  TNM  TNMCM  Rate 


Observation 

Observed 

Predicted 

Residual 

Lower  95%  CLI 
Upper  95%  CLI 

16 

* 

• 

12.78501618 

8.28709393 

17.28293843 

17 

* 

11.67424906 

6.86007773 

16.48842040 

18 

* 

■ 

’  .74704099 

6.75316442 

16,74211757 

19 

* 

• 

13.63738072 

7.94945735 

19.32530408 

20 

•k 

• 

3.84448096 

-10.58710357 

18.27606548 

21 

* 

■ 

-0.52446749 

-20.19712201 

19.14818703 

99%  Confidence  Interval  for  Predicted  Valae 


Dependent  Viaucia^le:  'nM  TNMCM  Rate 


Observation 

Observed 

Predicted 

Residual 

Lov4er  99%  CLI 
Upper  99%  CLI 

16  * 

12.78501618 

6.24038979 

19.32964258 

17  * 

11.67424906 

• 

4.66946974 

18.67902839 

18  * 

11.74764099 

• 

4.48051156 

19.01477043 

19  * 

13.53738072 

• 

5.36126314 

21.91349829 

20  * 

3.84448096 

-17.15395426 

24.84291617 

21  * 

-0.52446749 

• 

-29.14883378 

28.09989880 
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